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TRAINING FOR MANAGEMENT 


INCE the Urwick Committee was appointed in 
October 1945, ‘““To advise the Minister of Educa- 
tion on educational facilities required for management 
in industry and commerce, with particular reference 
to the steps to be taken in regard to the organisation 
of studies, bearing in mind the various requirements 
of professional organisations and the need for their 
co-ordination”’, the importance of efficient manage- 
ment has been repeatedly stressed in relation to the 
productive effort of Great Britain, and the Govern- 
ment has already accepted the recommendation of 
the Baillieu Committee for the establishment of a 
British Institute of Management. The eighth Inter- 
national Conference on Management, at which Great 
Britain was represented, has recently been held in 
Stockholm. The Urwick Committee reported in 
August 1946, but after a meeting with representatives 
of the professional bodies concerned with the part- 
time study of management in technical and com- 
mercial colleges, certain amendments to the report 
were made by the Committee. The amended report 
now published* is not only approved by the Minister 
of Education, but also the institutions and associa- 
tions represented at the meeting have agreed to do 
all in their power to implement its recommendations. 
Such circumstances alone would give practical 
interest to the report, which not only contains a 
number of sensible recommendations on training for 
but also indicates some aspects of the 
The 


which 


management, 
problem which require further investigation. 
Committee takes a wide view of management, 
in this context it understands as all those activities 
involving responsibility for the work of others. It 
is pointed out, however, at the outset that no matter 
how good special courses of study at technical or com- 
mercial colleges may be, theoretical study alone 
cannot make a manager. 

On this basis the Committee attempts to estimate 
the number of persons engaged in managerial func- 
tions at the present time. It has not been able to 
arrive at an accurate estimate as there are no figures 
later than the 1931 Census to serve as a basis; but 
starting from these figures, and allowing for the 
considerable changes that have occurred since, the 
Committee computes that between 400,000 and 
459,000 persons in Great Britain are so engaged at 
the present time. This is a considerable total, and 
although it is to be hoped that, as recommended by 
the Hankey Committee, the Higher Appointments 
Department of the Ministry of Labour and National 
Service and, as here suggested, the British Institute 
of Management, will obtain more accurate informa- 
tion in due course, the estimate can be used to arrive 
at an even more important figure from the point of 
view of training facilities—the approximate number 
of recruits each year. 

Assuming that the working life of individuals dis- 
charging managerial functions is thirty-five years, 
the Urwick Committee estimates the annual intake 
this is admittedly a rough guess, 


* Ministry of Education. Education for Management : Management 
Subjects in Technical and Commercial Colleges. Report of a Special 
Committee appointed by the Minister of Education. Pp. 32. (London : 
H.M. Stationery Office, 1947.) 6d. net. 


as some 12,000; 
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but one which indicates the magnitude of the problem. 
There are, of course, complications such as the wide 
variation in the ages at which individuals take up 
positions which are classed as managerial under the 
definition already given—the scientific worker him- 
self provides a pertinent example. Dr. Vannevar 
Bush, in his recent report as president of the Carnegie 
Institution of Washington, referred to the duty of 
men of science to participate increasingly in the task 
of government by manning the boards and com- 
mittees which are necessary to-day to provide 
scientific and technical advice. There are many 
other more specific administrative and managerial 
responsibilities which trained scientific men must 
accept if the business of government and industry 
alike is to be conducted efficiently ; and yet, as the 
Percy Committee noted, not only is the highly 
trained technician often indisposed to accept such 
responsibility, but also he is often ignorant of the 
principles of industrial organisation and management. 
Admittedly much in this field can only be learnt from 
experience, but there is a body of knowledge in 
existence, awareness of which may greatly facilitate 
the process of learning. 

There is, of c urse, nothing new in the suggestion 
that management should be the subject of theoretical 
study ; although management is still often regarded 
primarily as a matter of common sense and experience, 
and frequently knowledge of a particular branch of 
business is still the sole criterion of competence. In 
the last thirty years, since the work of F. W. Taylor 
and Henri Fayol became better known, a large body 
of knowledge bearing upon what Fayol described as 
the six main activities of management—forecasting, 
planning, organising, commanding, co-ordinating and 
controlling—has been built up, irrespective of the 
field of industry to which they are applied. Most 
people would probably agree with the Percy Com- 
mittee that ignorance of the main findings of studies 
in these fields is a real handicap to men who would 
otherwise be highly qualified for administrative work. 
It is less certain that it is generally recognized, as 
the Urwick Report claims, that there is general 
ability to manage which can be made the subject of 
a recognized ‘discipline’ based on objective research : 
the Percy Committee, for example, appears to reserve 
its opinion on the subject and is at least dubious. 

Examining the special character of this body of 
knowledge, the Urwick Committee points out that it 
is distinct from any detailed understanding either of 
the processes of the particular industry or of the 
various services and skills which are themselves 
indispensable tools for the conduct and regulation of 
a complex organisation. The Committee claims that 
such knowledge should enable its possessor to determ- 
ine the immediate and the long-term objectives of 
the whole, or of any part of the undertaking, to judge 
readily the significance and the comparative import- 
ance of the varied advice which he receives, and to 
appreciate the contribution which the expert, 


whether as an individual or in combination with 
others, is able to make. It should also teach him how 
to use each contribution effectively, and to integrate 
these several abilities so as to ensure the most 
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appropriate action. The technique of attachin» to 
each factor its due weight and of making the nvcegs. 
sary synthesis can in part be taught, even if its 
exercise is a matter of judgment in which pers inal 
capacity and experience are the essential factors. 

Whether or not we admit the claim of management 

studies to be a scientific ‘discipline’, there are cer ain 
foundations upon which alone management carn be 
taught. The Urwick Committee distinguishes t!,ese 
as of three types: an adequate standard of gencral 
education ; knowledge of certain ‘background’ «ub. 
jects which provide a basis for the study of manage. 
ment in any particular field; and certain ‘tool’ 
subjects, such as accounting, statistical metliod, 
production methods, work analysis and incentives of 
which the manager should possess a sufficient appre- 
ciation of their principles, processes and application 
to be able to direct skilled assistance effectively. 
The varied channels through which the individual 
approaches managerial responsibilities make it diffi- 
cult, if not impossible, to provide a course of study 
which insists on any common background. Nor is it 
even a disadvantage to the nation that the pattern 
of recruitment, while changing considerably in the 
last twenty years, should be varied ; and the Urwick 
Committee is right in insisting that no matter how com- 
prehensive the national system of education, opportun- 
ities to obtain the higher posts in business should 
continue to be open to those whose training has been 
predominantly in the school of experience. The 
capacity for initiative and leadership is not solely, 
nor even mainly, a matter of intellectual quality, and 
no system of tests or competitive examinations, how- 
ever careful and objective, is a fully satisfactory 
determinant of the power to discharge major respon- 
sibilities. It may, of course, be asked whether this 
could be determined by any system. 

While, however, the Urwick Committee believee 
that managers in industry and commerce will con- 
tinue to be recruited from four main groups, one of 
which would consist of those with initial scientific or 
technical qualifications (such as engineers, chemists or 
accountants), who find themselves increasingly occu- 
pied with managerial functions, it strongly deprecates 
the multiplicity of syllabuses both within the broad 
management field and within the fields of professional 
institutions conducting examinations including sub- 
sidiary management features. The major part of the 
report is indeed concerned with suggestions for the 
assimilation and development of courses, so as to 
relieve the embarrassment of education authorities 


and secure the most effective use of the limited 7 


supply of trained teachers. 

The Urwick Committee recommends first that the 
professional institutions should accept the obligation 
to include in their syllabuses as large a common 
management content as possible, and confine special- 
ized demands in this field to the essential minimum. 
Courses leading to qualifications in management 
should be limited to two stages. For the first, or 
intermediate, of these courses, all management 
professional institutions should adopt a common 
curriculum, and technical professional institutions 
should adapt any management requirements to this 
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common curriculum, which would comprise an 
introduction to management, ‘background’ subjects 
and ‘tool’ subjects. For the second or final course, 
two types are suggested, intended for those who wish 
to qualify in some specialized field, or iri general 
management, respectively. For the former the 
curriculum should be prescribed largely by the 
appropriate management professional institution ; 
but for the latter the curriculum should be pre- 





scribed by the appropriate national authority. 
Sugg »sted syllabuses for both intermediate and final 
courses are appended to the report, and it is 
recommended that both courses should lead to a 
qualifying examination. The final examination in 
specialized management should not be taken before 
the age of twenty-five, or in general management 
before the age of twenty-eight. 

The Committee contemplates that such courses 
will be taken in the main as part-time studies. 
Although it suggests that the various courses should 
be spread over a number of years with appropriate 
intervals, and that a student should not be expected 
to devote more than two evenings a week to formal 
instruction during the technical college year, it is 
surprising at this stage to find support from such a 
source for evening classes. It will be recalled that 
the Percy Committee was most emphatic as to the 
unsuitability of evening study for the bulk of tech- 
nical education in engineering, and the Urwick 
Committee appears to be unduly timid in urging that 
the study of management should be carried out in 
part-time day classes. It is still more surprising that 
the first recommendation in this field by the Percy 
Committee, that all students of technology, whether 
at the universities or colleges of technology, should be 
introduced to these subjects during the final year or 
two years of their undergraduate course, is not even 
mentioned. 

For all that, the Urwick Report covers a much 
wider field than the earlier report on Training for 
Business Administration issued by the committee 
under the chairmanship of Sir Frank Newsom-Smith. 
The functions of the Administrative Staff College 
appear to lie outside the terms of reference of the 
Urwick Committee, although one might have expected 
some comment on the idea of the staff college and of 
refresher courses for those of mature years, particu- 
larly with reference to the final courses or diploma. 
The merits or demerits of an intensive full-time 
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course of two or three months do not appear to have 
been considered. 

Apart from this, the third section of the Urwick 
Report, which discusses some wider considerations, is 
sound and well-balanced and makes a number of 
important suggestions, particularly as regards work 
which might be undertaken by the British Institute 
of Management. The first of these arises out of the 
lack of comprehensive statistical information illus- 
trating the national facilities currently available for 
education in management. It is recommended that 
the new institute should undertake an investigation 
of the national requirements of men competent to dis- 
charge managerial responsibilities, and that the various 
education departments should compile and publish 
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annually comprehensive national statistics on the 
volume and distribution of educational facilities in 
management subjects in Great Britain, including 
details of the numbers of courses and of students 
attending them. Other bodies should co-operate so 
as to synchronize with and include in the official 
figure such activities as those of the Training Within 
Industry Scheme, the Business Training Scheme for 
ex-Servicemen and the work of the Administrative 
Staff College and of university departments. 

The report also recommends that immediate steps 
be taken to secure an increase in the supply of 
trained teachers in management, both part-time and 
full-time. The former might be helped by the pro- 
fessional institutions maintaining, through their 
local organisations, a list of men and women willing 
to do part-time work, and by the education depart- 
ments providing facilities for training such men and 
women in the methods of teaching. The report 
also welcomes the recommendation of the Percy 
Committee that at least one institution should be 
selected as a centre for post-graduate study of 
industrial administration. This, however, is regarded 
as insufficient, and it is suggested that the Regional 
Advisory Councils for Further Education which are 
being established should be asked to deal, as one of 
their first tasks, with the provision of opportunities 
for systematic higher education in this field, leading 
to recognized academic qualifications. It is recom- 
mended further that the British Institute of Manage- 
ment should have associated with it from the begin- 
ning an Advisory Council on Education for Manage- 
ment, representative of all those interests concerned 
with this matter. No comment is made on the poor 
quality of the present literature of the subject in 
Great Britain, as did the Percy Report, other than 
attributing the serious lack of original research and 
of suitable text-books largely to the dearth of suitable 
teachers of management. Finally, in commenting 
on the position in the United States, which is described 
in an appendix, the Committee recommends that a 
commission of inquiry should visit that country to 
report on the facilities for education in management 
there as compared with those provided in Great 
Britain. 

Uhe Urwick Report may thus be welcomed by 
all who believe that it is no longer sufficient to 
appoint as managers those who have shown ability 
perhaps in some quite different field. If it makes no 
substantial contribution to the vexed question as 
to how best we can pick the outstanding administrator 
for the highest positions, it at least indicates how the 
level of management can be raised and our chances of 
picking such men increased. Moreover, the recom- 
mendations go some way towards facilitating a 
solution of that major problem of our time—the 
effective use of the expert in the task of administration 
whether in the industrial or the government sphere. 
Although the report has little or nothing to say 
about training for management within the Civil 
Service, it makes a real contribution to the practical 
task of unifying courses of training and securing the 
most effective use of our limited resources of trained 
teachers in this subject. 
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THERMODYNAMICS AND 
HUMANISM 


Time and Thermodynamics 
By A. R. Ubbelohde. Pp. vii+110. 
Oxford University Press, 1947.) 6s. net. 


Kem little book shows some confusion of aim. I 
do not think Prof. A. R. Ubbelohde decided 
clearly what kind of book he wanted to write. 
According to the preliminary chapter, his intention 
appears to have been to write on the wider human 
aspects of thermodynamics, to contribute to scientific 
humanism, which he defines as the unification of the 
specialized sciences from the point of view of their 
human interest. In this and in his explanations of 
the significance of entropy as providing a direction 
pointer for time, he is on fairly familiar ground, and 
though his treatment inevitably calls forth a com- 
parison with the popular writings of Eddington, who 
covered similar territory with, one, must say, con- 
siderably more force, he is both competent and 
interesting. 

The body of the book is, however, a fairly straight- 
forward explanation of the laws of thermodynamics, 
partly classical and partly statistical, which will 
undoubtedly be helpful to students of the physical 
sciences, since it will enable them to appreciate some 
of the more difficult parts of the subject. But the 
inquiring layman may be repelled by even simple 
algebra, and he will find the chapter on the second 
law, which does not differ in any essentials from that 
found in most text-books of thermodynamics, rather 
stiff going. 

The discussion of the human significance of the 
laws of thermodynamics, being confined mainly to 
short chapters at the beginning and the end, is 
disappointing. Most readers looking for humanistic 
meanings will turn to the chapter on thermodynamics 
and life to see what the author has to say; but they 
will have some difficulty in determining what his 
attitude really is. He favours, without dogmatism, 
the very reasonable view that “living organisms are 
characterised thermodynamically not by any vital 
power of selection of individual molecules, but by 
the fact that the organism considered as a unit 
is continually effecting processes in which the 
entropy decreases, at the expense of rather greater 
compensating increases of entropy in the surround- 
ings’’. 

So far, good. Few readers will be inclined to dis- 
agree with the author when he explains that living 
things are entirely unique arrangements for effecting 
locally such ‘disentropic’ processes, and quite unlike 
anything encountered in non-living matter. But 
what are we to make of the following: “Currently 
accepted terminology would describe human control 
over natural forces and human organisation of 
inanimate processes as intelligent. The organisation 
of similar processes within living organisms, which 
normally involves more complex integration than has 
yet been achieved through human inventiveness, 
must be the result of analogous intelligent inventive- 
ness’ (my italics)? It would be of interest to have 
this argument developed, though it is not particularly 
new (vide Paley’s watch); but the author puts off 
his readers with the remark “Full elaboration of the 
inventor analogy would not be possible without very 
greatly exceeding the scope of this book. The issues 
involved are profound.” 


(London : 
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If I understand it correctly, the argument is t)at 
although the chemical happenings in living organis: 
may be fully in accordance with the laws of therm: 
dynamics, yet the existence of such extraordinarily 
complex -arrangements for utilizing these laws 
produce organisms capable of individual activiti 
and in many cases intelligence, involves someth 
in addition. 

Any fresh arguments for: this view would be 
great interest. What the author actually does 
to mention certain lines of argument and disn 
them as outside the scope of the book. For exam; 
he says, “A further point which may be mention« 
but which cannot be developed very far in this b: 
is that if the human intelligence is able to conc 
(at least by negation) of conditions in which the laws 
of nature, such as the trend in entropy, are n 
obeyed, it cannot itself be wholly subject to these 
laws”. Or again, “But there is no real promise of 
ever bridging the gap between the mechanism as a 
whole and the organism as a whole, through increased 
human skill. The nature of the difference between 
mechanism and organism cannot be further resolved 
without bringing in other considerations about life 
which lie outside the scope of this book.” It is scarcely 
fair to the reader to raise such points and leave them 
up in the air. One cannot help wondering how much 
the author’s final conclusion that “human living is 
part in entropy-time and part outside it’’ is based on 
the ‘“‘other considerations”’. 

I do not want to suggest that I think there are no 
other considerations which are worthy of attention. 
They have been stated with varying degrees of 
cogency and charm by poets and philosophers as well 
as some men of science. But Prof. Ubbelohde is shy 
of developing his argument in this direction. He 
reminds us of the Scotsman’s remark to a lady who 
had been praising the English: “‘But hae ye ever 
been able to get one of them into a metapheesical 
argument ?”” He refuses to be drawn into meta- 
physical arguments; but does not mind supporting his 
point of view by referring to their existence. It is 
rather curious that he never mentions, though he 
may imply, the one inevitable teleological conclusion 
from the second law, that if the world as we know it 
is steadily running down, there must have been a 
winding up. J. A. V. BUTLER 


SCHOOL CERTIFICATE BIOLOGY 


Essentials of Biology 

An Introductory Text-Book for Secondary Schools. 
By W. F. Wheeler. Pp. xi+ 266+ 8 plates. (London : 
William Heinemann, Ltd., 1947.) 7s. 6d. 


S was indicated in Nature a short time ago (159, 

147; 1947), in the teaching of biology a new 
movement is spreading through the schools, of con- 
siderable educational import, the object of which is 
to relate the biological sciences directly to human 
life and culture. This movement has proceeded 
farthest in the new modern schools, and with sixth- 
form classes in the grammar schools. In each of 
these cases the topics dealt with depend largely on 
the interests of the teacher and his class. With no 
examination restrictions, presentation may some- 
times be amateurist and standards rather low; but, 
at any rate, links of understanding are being estab- 
lished between work in schoo! and some issues in the 
outside world whith are of major significance. 
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Compared with this, routine teaching of biology in 
the gammar schools has an academic flavour, with 
emphasis almost wholly on the ‘essentials’ of the 
subject, hinged as it is on the twin pillars of School 
and Higher School Certificate. Although the sylla- 
buses for these examinations are gradually being 
altered in accordance with modern views, their 
present scope and outlook find clear reflexion in a 
new text-book of biology by W. F. Wheeler for the 
School Certificate. Judged by text-book standards, 
he has achieved a useful piece of work. Apart from 
minor slips of emphasis and fact, the subject-matter 
is sound, well set out upon the page and supple- 
mented with many helpful diagrams and photographs. 
The practice of reproducing line drawings giving 
details not referred to in the text is, however, open 
to question, and so is that of including material 
considerably more advanced without indicating at 
what stage it will be required. The lot of the young 
pupil will not be made any easier by the involved 
language in which the subject-matter is expressed, 
for it is by no means simple English. As for pre- 
sentation, the author has given special prominence 
to human anatomy and physiology, with a useful 
section on human reproduction. The rest of the 
book follows the type method of description, both 
for animals and plants, so that function follows 
structure, although towards the end there are short 
chapters on such subjects as the organism and its 
environment, growth and multiplication, and evolu- 
tion and classification. 

Yet, with its concentration on ‘essentials’, the book 
conveys a-curious picture of the living world. It is 
for the most part a two-dimensional picture of 
morphological and histological details, each with its 
appropriate technical term duly emphasized in heavy 
print. It is a picture lacking in unity, purpose or 
emotional appeal, detached on one side from personal 
responses to the riches of wild Nature, and on the 
other from the interests and needs of man, whether 
material, social or philosophical. To points such as 
these Mr. Wheeler may justly reply that they do not 
fall within the syllabus. To that extent the School 
Certificate is in danger of leaving biological thought 
inastate of arrested adolescence. Are these ‘essentials’ 
really so necessary ; and what is their educational 


significance ? R. WEATHERALL 





THE LINNEAN HERBARIUM 


A Catalogue of the Linnean Herbarium 
Compiled and annotated by Spencer Savage. Pp. 
xv + 225. (London: Linnean Society of London, 
1945.) 408. net. 
‘ae Linnean Society of London has been well 
served by its historians and cataloguers. The 
late Dr. B. Daydon Jackson, general secretary from 
1902 until 1926 and curator of the Linnean Collections 
during 1926-27, the late Lieut.-Colonel A. T. 
Gage, assistant secretary and librarian from 1924 
until 1929, and Mr. 8. Savage, the present assistant 
secretary and librarian, have been notable recorders 
of the history of the Society and have done much to 
make the Linnean collections serve their full purpose 
in taxonomy. Daydon Jackson published in 1907 
(in the Proceedings of the Linnean Society) an article 
“On a Manuscript List of the Linnean Herbarium” 
to which was appended a “List of the Genera in the 
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Linnean Herbarium”. As a supplement to the 
Proceedings for the 124th Session, 1911-12, he 
published an “Index to the Linnean Herbarium”’. 
In both of these works there is much information of 
value to those wishing to consult the collections. 
Neither, however, is a catalogue even approximating 
in scope to that prepared by Mr. Savage. 

The present work is not only a list of the specimens 
in the Linnean Herbarium but also “includes, with 
as much detail as was considered necessary, the 
inscriptions up to the time of Sir James Smith’s 
death in 1828—i.e., before the Herbarium came 
into the Linnean Society’s possession’’, The sequence 
of the Catalogue is the same as that of the Herb- 
arium. 

A great deal of trouble has been taken by Mr. 
Savage to interpret the various signs used by Linnzus. 
Six of these signs are of special importance since they 
probably indicate geographical areas from which the 
specimens were obtained. It is suggested that 
Linnzus’s liking for brevity was linked with a 
certain amount of secrecy in dealing with Russian 
specimens, including those he obtained from Asiatic 
Russia. 

Particularly difficult and time-consuming was the 
correct attribution of the eighteenth-century hand- 
writings in the Linnean Herbarium. Most of the 
inscriptions are in Latin and in what is termed 
‘Italian cursive hand’, which shows various national 
The following national handwritings 
are recorded as present in the Herbarium: Italian, 
French, Dutch, Spanish and Portuguese, Swiss, 
Russian, German and Austrian, Swedish, and British. 
Much of what Mr. Savage has to say on these hand- 
writings will be of value to biologists who have to 
read and interpret manuscripts and labels written 
in the eighteenth century. The difficulties of inter- 
preting such handwritings are numerous. One 
learned Swede wrote three distinct handwritings— 
“a seript hand for Swedish, an Italian cursive hand 
for Latin, and a form of Court hand for ceremonial 
oceasions”’. Linnzus’s own handwriting is often 
very difficult to read and deteriorated considerably 
in his later period. He more and more sacrificed 
legibility to speed and tended to omit portions of 
letters. In the present Catalogue are photographic 
reproductions of seventy-two specimens of hand- 
writing, mostly about half size. These make a valuable 
and interesting series. 

Naturally much of what Mr. Savage records has a 
bearing upon the sometimes difficult problem of the 
typification of Linnzus’s species. He does not, 
however, enter into details. He records that ‘“‘Linnzus 
‘wrote up’ specimens, but by no means entirely, on a 
‘type specimen’ basis. He sometimes wrote the species 
number only on an added sheet, but thera are many 
instances where several sheets have been ‘written 
up’ by him,” Examination of specimens in the 
Linnean Herbarium does not eliminate the need for 
a careful study of Linnzus’s descriptions ane of the 
synonyms cited by him. The existence at the British 
Museum (Natural History) of Clifford’s herbarium, 
upon which Linneus’s “Hortus Cliffortianus’”’ is 
based, must not be forgotten. In fact, it is not 
sufficiently consulted in the ‘nailing down’ of Linnean 
species by typification. 

Mr. Savage is to be thanked for the arduous task 
he has brought to completion, and the Linnean 
Society praised for the publication of the Catalogue 
in times so difficult as those of the present. 

W. B. TurRRILL 


characteristics. 
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RADIO REFLEXIONS FROM 
METEORIC IONIZATION 


T a meeting of the Physical Society held on 

January 31, the results of several recent 
researches by radar and radio methods into iono- 
spheric ionization effects produced by meteors were 
described. The Z-layer of the ionosphere, which 
occurs in a region around a height of 100 km., is 
characterized by one regular and two irregular forms 
of ionization. The regular ionization, the normal 
E-layer, is known to be controlled in a uniform 
manner by ultra-violet radiation from the sun. The 
problems of the origin and control of the irregular 
forms, which for many years have been largely a 
matter for speculation, were the subject of the papers 
presented at the meeting. In 1932, A. M. Skellett? 
yn the United States, had suggested that meteors 
were an important agency in producing irregular 
ionospheric ionization, and with J. P. Schafer and 
W. M. Goodall? he gave experimental evidence of 
certain increases in ionization which could be 
associated with meteors. Although the experimental 
data which accrued in subsequent years appeared on 
the whole to support Skellett’s suggestions, it is only 
by the recent work, particularly in Great Britain, 
that a more comprehensive account of the complex 
characteristics of the irregular ionization in relation 
to the meteoric theory could be given. 

The irregular ionization can be classified into two 
types, which are distinguished most clearly by the 
radio-frequency at which echoes may be obtained 
and by their duration. The abnormal or sporadic 
E-layer occurs spasmodically for minutes or hours 
with a critical frequency greater than, but of the 
same order as, that prevailing in the normal £-layer. 
On the other hand, ionization bursts are characterized 
by the transient radio echoes which rarely persist for 
many seconds, the majority lasting only a fraction of 
a second; and with high-power transmitters, these 
echoes may be observed at frequencies greatly 
exceeding the critical frequency of the other Z-layers, 
although the number of echoes diminishes as the 
frequency is increased. 

Sir Edward Appleton gave the opening paper at 
the Physical Society’s January meeting, describing 
recent investigations carried out with R. Naismith 
for the purpose of comparing the incidence of the 
bursts of ionization with the abnormal £-layer 
ionization and of determining their relation both to 
the incidence of meteors and to the normal Z-layer. 
The observation of the ionization bursts was made 
at 27 Mc./s. with a high-power equipment having a 
wide aerial beam with its axis vertical. An analysis 
of the diurnal variation of the rate of occurrence of 
the radio echoes showed that the form of the night- 
time curve was almost constant, but the day-time 
portion was found to alter with the season of the 
year. “A characteristic minimum was found to occur 
at 1800 hr. local time throughout the year, and both 
the rate of occurrence and duration increased as the 
night progressed. In the winter, the number of bursts 
reached a maximum at about 0500 hr. In summer, 
however, the increase was found to continue until 
the maximum rate was reached just before or at 
lecal noon. The seasonal variation in hourly rate at 
noon showed a maximum burst-activity in summer ; 
but the relation is not symmetrical, the rates being 
greater in the latter half of the year than in the first. 
These facts may be explained on the hypothesis that 
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the ionization bursts are caused by meteors, 
marked degree of solar control is exerted ov: 
responsiveness of the upper atmosphere. Thus 
hourly rate of sporadic meteors is known t. be 
greater after midnight than before, and great r jp 
the second half of the year than the first. ©). the 
other hand, the sun causes the normal E-\ ye 
ionization to reach a maximum near noon, the 
ionization being greatest in summer. A combin: tion 
of these two factors would account for the obseved 
diurnal and seasonal variations in mean rate of 
occurrence. 

The controlling influence of the normal EZ-layor js 
exhibited in a parallel way in the case of the abn: nal 
E-layer, which, for example, during the day s'.ows 
diurnal and seasonal variations of height simila® to 
those of the maximum normal £-layer ionization, 
Further, it is known that the abnormal Z-layer has 
shown increases at the time of large meteor show ers, 
The Giacobinid shower of October 10, 1946, afforded 
& particularly striking example. The remarkable 
increase in the number of ionization bursts at this 
time has been reported previously*. 

There is thus a general parallelism between the 
two phenomena of the bursts and the abnorimal 
E-layer ; and it is suggested therefore that, at least 
in temperate latitudes, meteors are the agency 
primarily responsible for both these forms of irregular 
ionization, although the ionizability of the medium 
exerts a very marked effect. This controlling effect 
is revealed in the day-time influence of the normal 
E-layer. The ionization bursts are pictured as being 
associated with individual meteor trails. That there 
are many more echoes than visible meteors is under. 
standable, since the greater proportion of meteors 
a be expected to be too small to produce visible 
traus. 

Sir Edward Appleton also referred to the observa- 
tions he made with Naismith and the B.B.C. of the 
meteoric Doppler whistles heard in radio sets tuned 
to the unmodulated carrier of short:wave radio 
stations, which were first reported by the Indian 
workers, Chamanlal and Venkataraman‘. He sug- 
gested that the changing pitch of the whistles could 
be accounted for by the changes in relative velocity 
with respect to the observer without assuming any 
retardation of the meteor. The resulting beat- 
frequency is : 

(1 - 


where V is the velocity of the meteor, 2 the wave- 
length, R the range and R, the perpendicular distance 
to the track. 

J. S. Hey then gave an account of the researches 
he had carried out since 1944 with G. S. Stewart at 
the Operational Research Group, Ministry of Supply, 
at frequencies around 60 Mc./s. Such high frequencies 
limit observations to the more intense ionospheric 
bursts, and it was found that the transient echoes 
could then be more specifically related to meteors, 
with far less evidence of any controlling influence 
exerted by normal Z-layer ionization. Thus peaks 
in the rate of occurrence were found to correspond 
to well-known meteor showers’. The height distri- 
bution was determined by means of an aerial beam 
with its axis vertical, due allowance being made for 
the effect of beam-width. The mean height of 
maximum occurrence was found to be about 95 km., 
and 90 per cent of all echoes occurred between 
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87 km. and 108 km. This height agrees well with 
the visually observed heights of meteors and their 
trains. 

Observations made with radio beams having their 
axes inclined at elevations around 45° revealed the 
important influence of the direction of observation 
on the apparent rate of occurrence. In an experiment 
carried out with the help of A.A. Command during 
June and July 1945, stations at Walmer (Kent), 
Aldeburgh (Suffolk) and Richmond (Surrey), respect- 
ively, were set so that their aerial beams made broad 
intersections at heights around 100 km. Simultaneous 
observation of echoes from the three stations was a 
rarity, thus indicating marked aspect sensitivity in 
the echoing sources. This was further confirmed by 
the diurnal variations in rate of occurrence, which 
were markedly different for the three stations. The 
aspect sensitivity was shown to be readily explained 
when the transient echoes are interpreted as the 
broadside reflexions from meteor trails, which may 
be expected to show aspect variations in reflexion like 
those for long cylinders, as was first suggested by 
J. A. Pierce*. Thus, as the elevation and bearing of 
the active radiants change with the earth’s daily 
rotation, corresponding changes occur in the optimum 
direction for obtaining radio reflexions. In fact, by 
finding the optimum directions experimentally, it has 
been found possible in certain instances to derive 
the positions of the radiants of the most active 
meteor streams. 

Finally, during the Giacobinid meteor shower of 
October 10, 1946, not only were records obtained of 
the broadside reflexions from meteor trains (which 
show relatively only small ‘range-movements due to 
drifts and turbulence) ; but also, by improved -photo- 
graphic techniques, the reflexions from the ionization 
in the immediate vicinity of the approaching meteors 
were recorded in certain instances. These observa- 
tions and the dérivations of meteor velocities were 
described in detail at a meeting of the Royal Astro- 
nomical Society on December 13, 1946"-*. During 
part of a shower, a watch for echoes at a frequency 
of 212 Mc./s. was also maintained, and the number 
of echoes was about one tenth of the number on a 
64 Mc./s. equipment of similar power and beam width. 

Dr. E. Eastwood described the investigations of 
ionospheric bursts of ionization which he has con- 
ducted in association with K. A. Mercer at a number 
of R.A.F. radar stations during 1945-46. The aerial 
systems gave fixed beams covering low angles of 
elevations over almost all bearings. Systematic 
observations, made over nineteen months at the 
Bawdsey station on a frequency of about 23 Mc./s., 
showed that the rate of occurrence of bursts follows 
a diurnal cycle with peaks at approximately 0400 hr. 
and 1200 hr. G.m.T. and a pronounced minimum in 
the afternoon. The precise form of the diurnal cycle, 
however, proved to be dependent on the season. The 
relative amplitude of the two peaks varied seasonally, 
but the afternoon minimum was found to be a feature 
of all the daily curves. The change in daily volume 
of activity showed an annual cycle with a maximum 
in the autumn and a minimum in the spring. These 
experimental results, as in the case of those obtained 
by Sir Edward Appleton and R. Naismith, were 
therefore in accord with the theory that attributes 
the bursts to ionization by sporadic meteors in an 
atmospheric medium subject to a marked degree of 
solar control. 

The height of the bursts was determined from the 
minima in the histograms of range-distribution. 
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These minima could be related to the minima of the 
aerial beam pattern which occur at several elevations 
as a consequence of the interference between the 
direct wave and that reflected from the ground. It 
was concluded that most ionization bursts are pro- 
duced within a thin layer located at a height of 
approximately 85 km. 

The magnitudes of the echoes were studied by 
using a single dipole aerial system. The derivation 
of the distribution function for the magnitudes 
showed that, for a given frequency, the number of 
bursts per unit area per unit time having equivalent 
echoing areas between A and A + 8A is proportional 
to 8A/VA*. The results of observations with equip- 
ments operating in the frequency bands 20/30 and 
40/50 Mc./s. indicated that the number of bursts was 
also inversely proportional to the square of the 
frequency. 

An examination of the burst-activity for local 
variations was made by comparing the results at 
different stations in England and Scotland. Although 
at any given time random-fiuctuations were found 
from place to place, the average activity was con- 
stant over wide areas. Further, the results obtained 
during the partial solar eclipse of July 1945 did not 
reveal any influence on the phenomenon of burst- 
activity. ? 

Dr. A. C. B. Lovell described the investigations 
at a frequency of 73 Mc./s. which he had carried 
out with C. J. Banwell and J. A. Clegg in continuation 
of the observations of the Perseids and Giacobinids 
described before the Royal Astronomical Society on 
December 13, 1946*. By using the narrow-beam 
aerial system maintained at right angles to the 
direction of the radiant, the main characteristics of 
the 1946 Leonids, Orionids, Taurids, Geminids and 
1947 Quadrantids were measured. The most import- 
ant results were as follows : 


(1) In the two richest showers (Geminids and 
Quadrantids), a striking correlation of hourly rate 
with radiant altitude was observed. The rate 
remained low (5-10 per hour) until the radiation 
attained an altitude of about 40°, when it increased 
suddenly to about 45 per hour for the Geminids and 
to about 60 per hour for the Quadrantids. The 
reverse effect was observed when the radiant was 
setting. 

(2) Although the velocities of these meteor showers 
are known from visual observations to vary over a 
wide range, the distribution of durations of the 
echoes from all these five showers was identical. 
60 per cent of all echoes in the showers lasted for 
less than 0-25 sec. Only 1 per cent had durations in 
excess of 10 sec. This result is important in the 
development of the theory of the decay of the meteor 
ionization, since it implies that the height at which 
the ionization is formed is not the principal factor 
determining the duration of the echo. 


(3) The distribution in intensity of ionization for 
the Geminids and Quadrantids was calculated using 
formule given previously*. In each case the distri- 
bution was the same as that for the 1946 Giacobinids, 
namely, that the number of occurrences of ionization 
of a given intensity was inversely proportional to the 
intensity. In conjunction with Herlofson’s theory of 
meteor ionization, this shows that the number of 
meteors of a given size is inversely proportional to 
the size of the meteors. This result agrees with the 
visual estimates that there is the same total mass of 
meteoric material in each magnitude. 
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The work of Chamanlal and Venkataraman‘ was 
further described by G. R. M. Garratt who, during 
a recent visit to New Delhi, was given an opportunity 
of listening to the meteoric whistles, which were first 
reported by the Indian workers when listening to 
the short-wave transmitters of All India Radio. The 
whistles normally lasted about 2-3 sec., fell rapidly 
in pitch to zero or sometimes died away before 
reaching zero, and only in rare cases did the whistle 
reappear as an ascending note after passing through 
zero. Chamanlal and Venkataraman considered that 
these characteristics could be explained on the 
assumption that they were due to interference 
between the directly received ground-wave from the 
transmitter and the reflected waves which have 
undergone a Doppler change of frequency owing to 
the movement of the reflecting surface. The velocities 
deduced were similar to those of meteors, and the 
suggestion that the reflexions were associated with 
meteors was confirmed by direct correlation between 
the occurrence of a whistle and the arrival of a 
visible meteor. Mr. Garratt outlined the conditions 
for satisfactory reception of tive meteoric whistles ; 
namely, a high-power transmitter radiating an 
unmodulated signal at a frequency of the order of 
5-15 Mc./s., and a highly sensitive receiver located 
within the skip distance in a pcsition such that a 
very weak ground-wave is received from ths trans- 
mitter. The whistle effects can be hear? on almust 
any night of the year, the greatest number beirg 
observed about 4 a.m. 

Finally, the recent investigations in the United 
States by J. A. Pierce*® were outlined by K. R. 
Eldridge. During the Giacobinid shower of October 
10, 1946, about 3,500 Doppler whistles were recorded. 
Pierce considered that the Doppler effect is produced 
by an ‘ionic bow-wave’, the pitch being a function of 
both the velocity of the meteor and the rate of 
diffusion of the electrons. The pitch is presumed to 
fall from the first, because the growth of the cloud 
of ions is most rapid at its initial height, and goes to 
zero when recombination prevents further expansion 
of the boundary. 

Correlations between the whistles and visually 
observed meteors were obtained when weather 
conditions permitted. In the case of two whistles, 
which were so loud that the visual watchers out-of- 
doors 40 ft. away could hear them, it was noted that 
the whistle was heard within the first quarter of the 
meteor’s course, and the tone fell in pitch throughout 
the period of the meteor’s visibility. 

Pierce concluded from the average number of 
whistles observed that his limit of sensitivity 
corresponded to a third-magnitude meteor. He 
«<alculated that the average rate of flow of energy in 
the four hours during which the Giacobinid shower 
was observed corresponded to a figure of 3 watts per 
sq. km. By assuming that the energy was expended 
in a layer 30 km. thick, and that 15 electron volts 
are required per ion, it was calculated that the ion 
density would be of the same order as the maximum 
density of ionization in the normal £-layer at the 
sub-solar point. J. 8. Hey 


' Skellett, Proc. Inst. Rad. Eng., 20, 1933 (1932). 

* Schafer and Goodall, Proc. Inst. Rad. Eng., 20, 1941 (1932). 

* Appleton and Naismith, Nature, 158, 936 (1946). 

‘Chamanlal and Venkataraman, Electrotechnics, 14, 28 (1941). 

* Hey and Stewart, Nature, 153. 451 (1946). 

* Pierce, Proc. Inst. Rad. Eng., 26, 892 (1938). 

* Hey, Parsons and Stewart, Mon. Not. Roy. Astro. Soc., in the press. 
* See Nature, 158, 119 (1947). 
* Pierce, Phys. Rev., 71, 88 (1947). 
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METEORS, COMETS AND 
METEORIC IONIZATION 


N March 19 and 20 a conference on meteor 


comets and meteoric ionization was held in t}.. 


University of Manchester Physical Laboratori 
under the auspices of the Physical Society. T) 
chairman, Prof. P. M. S. Blackett, in opening t! 
conference, remarked that this was probably t! 
first conference of its kind to be held. A widespres 
interest in meteors and comets is arising because | 
the new radio methods of detecting the ionizati: 
due to meteors in the atmosphere. Results 
importance to astronomers and physicists are no 
being obtained; and it was hoped that this join 
gathering would be of benefit to both. 


Meteors 


In the first lecture, J. P. M. Prentice, direct: 
of the Meteor Section of the British Astronomica 
Association, described the general background of our 
knowledge of meteors. The following is a brief 
abstract of his remarks. 

(4) Numbers. The major streams exert a dominant 
influence on the curve of annual variation, and the 
rate of occurrence of a given stream is a function of 
the radiant altitude. The general level of meteor 
activity after eliminating the major streams is rather 
low, about 4-10 an hour, and shows daily and annua! 
variations due mainly to the concentration of radiants 
around the apex of the earth’s path. A particular 
observer sees only a small fraction of the fainter 
meteors appearing in his zone of vision, so that 
although the observed numbers fall off after magni 
tude 4-5, the real numbers continue to increase by 
a factor 2-3 per magnitude. Beyond the limits of 
naked-eye visibility, the number of telescopic meteors 
increases by the same factor at least down to magni 
tude 10 and probably far beyond. 

(B) Radiants. The divergence of meteors from 
radiant points is an effect of perspective, showing 
that the motions of those meteors are parallel and 
that they form members of one stream. These 
radiants are apparent radiants, due to the combined 
orbital velocities of the meteors and the earth. Some 
twelve major streams are known, of which eight 
appear annually ; in addition, there are many minor 
streams of varying degrees of tenuousness, and some 
meteors pursuing individual paths in space properly 
called ‘sporadic’. A very few streams are known 
from the similarity of their orbital elements to be 
associated with comets, although the proof is only 
eomplete for the three instances (possibly four) in 
which the periods have been determined. The 
majority of radiants are not points but large areas 
of radiation some 10°—15° in diameter. 


(C) Paths in the Atmosphere. The meteor zone lies . 


generally at an altitude between 125 km. and 70 km., 
though exact ‘limits cannot be assigned. The height 
of appearance and disappearance is determined 
primarily by the entrance velocity, although the 
beginning height is also correlated with the zenithal 
magnitude. This difference in height is generally a 
function of zenithal magnitude only, being sensibly 
independent of velocity and of radiant altitude except 
for very low radiant altitudes. The heights are 
determined by simultaneous observations, which 
also yield the path-length P and the duration of 
flight t, and hence the observed velocity P/t. There 
is some observational evidence of a general decelera- 
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tion due to atmospheric resistance, but this is not 
universally accepted. 

)) Velocities. These may be determined by either 
direct or indirect methods. The principal direct 
methods are (a) by simultaneous observations as 
above, or (6) by observing periodic recurrences of a 
stream. The indirect methods are (c) from the daily 
and annual variation in numbers (the method of von 
Niessl' and Hoffmeister?), and (d) from the observed 
heights, which give more reliable values than P/t. 
The only really accurate method is the observation 
of periodic recurrences, as an error of only 0-5 km./sec. 
usually makes a considerable difference to the orbit ; 
but these recurrences are very difficult to establish. 
The method of von Niess! and Hoffmeister has led to 
the belief in hyperbolic velocities as a normal occur- 
rence ; but the method is an indirect one and at variance 
with direct observations and is not considered valid. 


Comets and their Relationship with Meteors 


The second lecture was given by Dr. J. G. Porter, 
the director of the Computing Section of the British 
Astronomical Association, who spoke on the relation- 
ship between comets and meteors. Both classes of 
body are now known to be members of the solar 
system, travelling around the sun in elliptical orbits ; 
those few cases of hyperbolic orbits which can be 
substantiated are known to be caused by perturba- 
tions of elliptical orbits by the major planets. The 
head of a comet must possess mass, since it obeys 
the law of gravitation, but that mass must be very 
small. All the evidence supports the view that the 
head consists of solid particles composed of meteoric 
material. But whereas in a meteor stream the indi- 
vidual particles must be many miles apart (10—20 
miles even in the extreme case of the great Leonid 
shower of 1835), in the head of a comet the distances 
may be measured in yards. Some force other than 
gravity is apparently needed, however, to account 
for the remarkable coherence of the head, which in 
many comets has undergone enormous disturbances 
without disruption. 

After discussing the effect of planetary perturba- 
tions on a’ meteor stream, Dr. Porter expressed the 
view that there is no sound evidence that meteor 
streams are the remains of disrupted comets. The 
one case which is always quoted—that of Biela’s 
comet—carries very little weight when examined 
closely. The comet divided into two parts in 1846 
apparently without cause—was seen once more in 
1852, and then vanished. But in 1872, when the 
earth crossed the orbit of the comet, a magnificent 
display of meteors was seen. The meteors could not 
have been the remains of the head of the comet, 
for the place where the earth crossed the orbit was 
far from the computed position of the comet itself. 
Perturbations by the major planets certainly could 
not have caused sufficient disturbance in the inter- 
vening twenty years to have spread the meteoric 
matter out over the orbit. All that can be said is 
that the meteor shower travelled in the same orbit 
as the comet, and this applies equally to other 
well-known showers. The Bielids had given good 
showers before, while the great showers of Lyrids, 
Leonids and Perseids can all be traced back in history 
long before the associated comets were discovered. 

Actually there are very few accordances between 
meteor showers and comets—only six of the better- 
known showers give satisfactory agreement with their 
associated comets. Yet there are many minor showers 
for which the parent comet is unknown, and there are 
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many comets which come close enough to the earth 
to give a shower, but do not do so. 

We are forced to conclude that there is no direct 
evidence of the disruption of comets to form meteor 
streams. All that can justly be claimed is that there 
are some cases known in which a meteor stream 
follows the same orbit as that of a comet, and it 
seems plausible to suggest that comets and meteors 
have a common origin. ‘ 


lonization Due to Meteors in the Atmosphere 


In the first lecture of the afternoon session, Dr. 
A. C. B. Lovell gave a survey of the known effects 
of meteoric ionization in the earth’s atmosphere. 
Evidence that the ionization in the EZ-region of the 
ionosphere does not decrease in a regular manner 
during the night but is subject to abnormal increases 
was obtained in the early days of the ionosphere work 
by Heising* in the United States, and by Eckersley‘, 
Appleton® and their co-workers in Great Britain. 
Subsequent work tended to divide the abnormalities 
into two classes : (a) long-duration increases of ioniza- 
tion lasting for minutes or hours, found on frequencies 
just above the normal critical frequencies (abnormal 
or sporadic £) ; (6) short-duration bursts of ionization 
lasting for a fraction of a second or a few seconds, 
which could also be observed on very much higher 
frequencies. Both effects occurred by day and 
night throughout the year. As a result of a great 
deal of work since 1930 by Appleton, Naismith, 
Ratcliffe and others in Great Britain, and by workers 
in India and the United States*, it now seems certain 
that the long-duration abnormal £ is associated 
with two separate effects: (1) the incidence of solar 
corpuscles, associated with magnetic disturbances 
and hence most pronounced in polar regions ; (2) the 
ionization due to meteors, which constitute the main 
abnormal effect in temperate latitudes. With regard 
to (b), Skellett’? and Schafer and Goodall* showed, 
by a combined visual and radio watch during the 
Leonid shower of 1932, that the short-duration 
abnormalities were caused by the entry of meteors 
into the atmosphere. 

After describing subsequent work on the short- 
duration ionization bursts by Eckersley’, Appleton 
and Naismith'®, Dr. Lovell gave a short account of 
contemporary studies of the effect using frequencies 
in the 60-70 Mc./s. region, which are high enough 
to be clear of the confusing effects of the longer 
duration abnormal E. Hey and Stewart have investi- 
gated many of the properties of the radio echoes 
from meteors and have succeeded in determining 
radiants'' and velocities'*. In the determination of 
velocities, these workers were able to photograph a 
faint fast-moving echo prior to the formation of the 
main radio echo. The analysis of twenty-two such 
photographs during the Giacobinid shower of October 
1946 gave a velocity of 22-9 km./sec., in close agree- 
ment with the value of 23-7 km./sec. expected from 
theoretical considerations. The lecture concluded 
with a short account of the work of the Manchester 
group, who have explored the major streams by 
using a narrow beam aerial which can be directed 
to any point in space. For the meteors in the Giaco- 
binid, Geminid (1946) and Quadrantid (1947) showers 
the intensity of ionization giving rise to the radio 
echoes has been calculated’*. The distribution in 
number of these intensities obeys an inverse power 
law with an exponent close to unity. On Herlofson’s 
theory of meteor ionization (see later) this also gives 
the distribution of meteor masses in the stream— 
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a result in agreement with visual observations that 
the. mass of meteoric material in each magnitude is 
the same. These measurements also show that a 
meteor which is just visible to the naked eye produces 
about 10" electrons/em. path—a result which is 
again in good agreement with Herlofson’s theory". 
Dr. Lovell ended by showing a ciné film of the radio 
echoes during the maximum of the Giacobinid 
shower in October 1946, when the echo-rate reached 
an enormous peak of 160 per minute for a very short 
time, compared with the normal no-shower rate of 
one or two per hour on this apparatus. 


Theory of Meteor lonization 


N. Herlofson then gave an account of the theoret- 
ical aspects of meteor ionization in the atmosphere. 
Observations by the Manchester group, referred 
to above, show that the echoes recorded by their 
apparatus, at 4 metres wave-length, are due to 
scattering from columns of electrons with densities 
of 10°10" electrons per cm. length. These values 
are in reasonable agreement with quantum-mechanical 
estimates of the ionization produced by meteors 
visible to the naked eye, or somewhat fainter. The 
majority of the echoes disappear after less than one 
second, a great number lasting only a few tenths of 
a second; but durations of some seconds are not 
uncommon, and durations up to 100 seconds have 
been recorded. 

So far, all attempts to find a correlation between 
duration and height in the atmosphere have been 
unsuccessful. Another remarkable feafure is the 
occurrence of strong and rapid fluctuations in the 
intensity of a number of the longer echoes. 

A study of the scattering from electrons with a 
radial Gaussian density-distribution suggests that 
diffusion is important for the rate of decay of the 
echoes. Electrostatic forces prevent a separation 
of the electrons and the positive ions, and the effective 
diffusion coefficient for the ionized matter will 
be a weighted mean of the diffusion coefficients for 
electrons and for positive ions. In a direction normal 
to the magnetic field of the earth, the diffusion of the 
electrons will be hampered by the electromagnetic 
force, while the electromagnetic force does not 
affect the diffusion in a direction parallel to the 
magnetic field lines. The resulting elliptical distribu- 
tion of electrons around the track of the meteor will 
present its broad side to the radio station in the 
regions of the sky 90° away from the magnetic 
zenith, and its sharp edge if it appears close to the 
magnetic zenith. Therefore, the duration of the 
echoes will depend both on height in the atmosphere 
and on the angular distance from the magnetic 
zenith to the reflexion point on the meteor traii. 
In Northern Europe, a belt near the northern horizon 
will be favourable for echoes of long duration, and 
some observational evidence already exists in support 
of this conclusion™. 

The wind systems revealed by visual observations 
of the rare luminous trails, lasting for half an hour 
or more'*, show that meteor trails can be expected 
to deviate from a straight line by several metres 
even after one second. Such deformations can 
produce a sudden increase of the echo if part of the 
trail is brought to coincide with one of the spherical 
wave surfaces. Further deformations may lead to 
several reflexion points along the trail, and the 
observed oscillations in echo intensity can be explained 
by the varying phase difference in the radiation 
scattered from the various reflexion points. 
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Since only deformations along the radius from the 
radio stations are effective, and winds are mainly 
horizontal, oscillations will preferably occur ji 
echoes observed at low elevations. Combining this 
conclusion with the expectation of long-duration 
echoes near the northern horizon, it is possible to 
understand that long durations are frequently 
accompanied by fluctuations in intensity at stations 
in the British Isles. 

Observations in equatorial latitudes, where th» 
magnetic field lines are nearly horizontal, can provid 
a decisive test for these suggestions. We shouli! 
expect to find echoes of long duration decaying 
steadily near zenith, echoes of long duration showing 
fluctuations near the eastern and western horizor 
and echoes of shorter duration near the northern an:! 
southern horizon. 

On March 20, the conference was continued 
informally at the Jodrell Bank Experimental Station 
of the University of Manchester, where the apparatus 
in use by the Manchester group of workers was 
inspected. A. C. B. Lovet. 
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NUTRITION AND SYMBIOSIS 
By Dr. E. C. OWEN 
Hannah Dairy Research Institute, Kirkhill, Ayr 


UTRITION may be taken to include all those 
processes by which chemical substances essen- 
tial to the life of a given species, be it plant or animal, 


become available for anabolism. Thus in plants, 
nutrition includes photosynthesis and root absorp- 
tion, as well as the processes of digestion which occur 
in animals and insectivorous plants. The term 
‘symbiosis’ in its original and widest sense signifies 
any phenomenon, from a balanced parasitism to 
complete mutualism, in which each partner gains 
nutritional benefit from the presence of the other. 
Such diverse phenomena as the harbouring of 
specific fauna and flora in the gut of insects and 
vertebrates and the occurrence of alge in the cells 
of Hydra viridis are, in the widest sense of the term, 
symbiotic. 

Symbiosis is a phenomenon of very general occur- 
rence in both the plant and the animal realms. 


* Paper read before the Society for Experimental Biology on 
September 25, 1946. 
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Examples are known in almost all classes of plants. 
The consortium of alga and fungus exhibited by the 
jichen is the classical example. Mycorrhiza is found 
not only in conifers but also in deciduous trees and 
other flowering plants, and in the ferns. A parallel 
phenomenon is encountered in the bryophytes’. 
Bacteria causing root nodulation occur not only in 
jgumes but also in other widely different plants, for 
gaample, Alnus and Cycas. In the animal kingdom 
gmbiosis is a very common occurrence, particularly 
in the wood-eating insects such as the termites, and 
in the larvee of wood-eating roaches, of wood-wasps 
aad of other insects which subsist on a diet rich in 
cellulose*. 

Though many examples of symbiosis have been 
jnown for more than a hundred years, evidence for 
nutualism is still being examined. Even when, as 
vith the mycorrhizas of forest trees, investigations 
are still in a highly debatable stage, the evidence for 
nutualism is increasing, for very often a particular 
gecies of fungus fructifies, in Nature, only on litter 
beneath trees on which it forms mycorrhizas, while 
enversely the healthiest of forest trees have mycor- 
rhizas. 

It may be much easier to prove the dependence of 
oe partner than that of the other. Thus in the 
grmination of orchid seeds it has been shown that 
the seeds of some species need to be attacked by 
their specific fungal associate at germination, while 
others need the fungus for continued development. 
The simple embryo of the orchid, though ‘small, 
contains a food reserve in the form of oil, and it has 
been suggested that the fungus may in some way 
render the oil more readily available to the developing 
embryo. The dependence of the orchid Goodyera 
repens on its fungus is of this type*. The dependence, 
however, goes beyond assistance at germination, for, 
on sugar, growth is limited, and to complete its 
development Goodyera repens needs to be penetrated 
by its fungus even if sugar has produced its early 
development. In pine trees the dependence seems to 
be of a different kind. Successful germination occurs 
in the absence of the fungus, though it is claimed 
that establishment of mycorrhiza is necessary for 
production of thrifty trees‘. 

In the humus-rich soils of forests, sporophores of 
mycorrhiza-forming fungi are common!. There is an 
analogy here between such humus-inhabiting fungi 
living in what is really the excreta of trees, and the 
bacteria found in the alimentary tracts of animals of 
a wide variety of species. 

Symbiosis may be raised to the status of mutualism 
if it is proved that the apparently parasitized partner 
actually benefits from the parasitism. The root 
nodulation so common in legumes is an example of 
jmutualism®*, In exchange for energy-producing 
nutrients, the Rhizobium provides chemically com- 
bined nitrogen to the host, so that the overall effect 
is that the legume can grow in a culture solution 
devoid of combined nitrogen’:*. Dependence in this 
instance, however, has not become obligatory, for 
both the Rhizobium and its host can have independent 
existences if their respective environments permit, 
the Rhizobium saprophytically and the legume 
holophytically. 

The fixation of nitrogen by Rhizobium, Azotobacter 
and Clostridium pasteurianum has led to investiga- 
tions of the possibility of the fixation of nitrogen in 
other symbiotic associations. Thus Cleveland attri- 
buted nitrogen fixation to the protozoans (Hyper- 
mastigota) inhabiting the hind-gut of certain species 
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of termites. This fixation has not so far been con- 
firmed. Cleveland’ based his conclusions on observa- 
tions of the effects of diet and defaunation on the 
longevity of the termites. Since starving insects may 
remain active for very long periods, such methods of 
observation need careful control. 

The claim by Peklo* to have demonstrated fixation 
of atmospheric nitrogen by symbionts in the myce- 
tomes of aphids rests on stronger grounds, since he 
claims to have identified the symbionts as species of 
Azotobacter and refers to the work of others who 
investigated the rate of acquisition of nitrogen by 
aphids. Even in these cases, there is the possible 
explanation that nitrogenous metabolism of insects 
may be much more efficient than that of mammals. 
In any attempts to repeat Cleveland’s experiments 
the use of isotopic nitrogen would be very advan- 
tageous. The fixation of nitrogen can be proved only 
by demonstrating a real increase of the nitrogen 
content of an organism or of the medium in which it 
is growing. An increase in the percentage of nitrogen, 
such as occurs in the decay of plant materials due to 
bacteria or fungi, usually means merely that dry 
matter has been lost as earbon dioxide. 

A symbiotic relation between bacteria and animals 
is the basis of the commonest method by which 
various land animals digest cellulose, for the secretion 
of cellulase, as happens in the snail and in certain 
wood-eating insects, is uncommon. In the cecum 
and in the colon of the mammal, microscopic exam- 
ination shows that bacteria are mainly responsible 
for the power of mammals to digest cellulose- 
containing materials. Pre-eminent, however, in this 
regard are the ruminants, both wild and domesticated. 
In them the paunch, an enlargement of the cesophagus, 
forms a fermentation vat teeming with bacteria and 
highly specific protozoans. Because of their fascin- 
ating appearance under the microscope, the protozoal 
inhabitants of the rumen have been the subject of 
more speculations as to their mutualistic functions 
than have the bacteria. All experimental work, 
however, has so far proved the over-ridihg importance 
of the bacterial symbionts in ruminant digestion. It 
is more than fifty years since German biologists* 
suggested that the rumen bacteria conferred a benefit 
on their hosts by elaborating digestible materials in 
their own bodies: only in the last few years, how- 
ever, have these benefits been in any way adequately 
or rigorously defined. We now know that the rumen 
bacteria synthesize protein from ammonium nitrogen 
in the rumen and that they store carbohydrate as 
bacterial polysaccharide’*. We also know from 
experiments in which such bacterial bodies have 
been fed to rats that their protein is available for 
anabolism after digestion by the host. Similar 
biochemical and microbiological changes occur in the 
cecum of the horse, the rat, the rabbit, the guinea 
pig and the pig, in the cecum of the ruminant itself, 
and in the colon of mammals generally, and serve to 
explain the very variable powers of digesting cellulose 
found in different mammalian species. In all species 
so far examined, it appears that such digestion of 
cellulose as occurs is due to bacteria morphologically 
describable as cocci but not so far further charac- 
terized. There have in the past been claims to show 
that in the paunch of the ruminant the protozoans 
also digest cellulose, but in this case mere microscopic 
examination is of little value because it is impossible 
to tell whether such apparent cellulolysis is due 
really to protozoal secretions or to the activities of 
bacteria adhering to the surface of the plant. frag- 
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ments ingested by the protozoans. Hungate", how- 
ever, claims to have prepared a cellulase from rumen 
protozoans fed in isolated culture on non-cytoclastic 
bacteria. 

An important effect of the bacteria in the rumen 
is their production, from sugar, starch, cellulose and 
other carbohydrates, of quantities of lower fatty 
acids. Phillipson and his colleagues at Cambridge 
have investigated the production of lower fatty acids 
in the rumen of the sheep, and have discovered a 
great preponderance of acetic acid'**". McNaught 
and Smith'® have shown that liquor, carrying its 
mixed bacterial flora, abstracted from the rumen of 
the steer, produces acetic acid from carbohydrates 
when incubated in vitro. Moreover, Phillipson and 
his colleagues have shown that acetic and other lower 
fatty acids are directly absorbed through the walls 
of the sheep’s rumen, whence they pass via the portal 
circulation to the liver. Thus, much of the carbo- 
hydrate of its diet is made available to the ruminant 
by mutualistic symbiosis. The ruminant provides the 
bacteria with their preferred substrate, and in return 
has part of its carbohydrate digested for it. 

Investigations of the causes of the deficiency 
diseases beriberi and pellagra, which occur in the 
more poverty-stricken parts of the world, led eventu- 
ally to the unravelling of the complex collection of 
organic micronutrients necessary for animal life 
which we now call the vitamin B complex. The 
members of this complex now number more than 
ten, and the identification of further members is pro- 
ceeding. The identification of these vitamins of the 
B-complex and the demonstration of their occurrence 
in practically all forms of life, whether green plants, 
fungi, protezoans or mammals, has greatly increased 
the number of instances of symbiosis which must 
now be regarded as true cases of mutualism. 

There is no mystery as to the origin of the vitamins 
in the body or in the milk of a cow, sheep or other 
grass-eating or browsing animal. Green leaves seem 
to be portmanteaux packed with all essential animal 
nutrients™-"5,, Cows, however, often exist in winter 
on diets in which sufficient of the members of the 
vitamin B complex cannot be demonstrated. Such 
animals secrete in their milk and urine much more of 
certain members of the B-complex, for example, 
riboflavin and nicotinic acid, than can be found in 
their diet. Factors of the B-complex are synthesized 
by the symbionts inhabiting the rumen, probably by 
the bacterial symbionts, though this last point is 
still in need of rigorous proof'*, 

Other animals have been found to be independent 
of an external source of the B-complex. Indeed, 
what is now known to be a mutuzlistic association of 
the rat and its intestinal bacteria was once the cause 
of much trouble in early attempts to assay members 
of the B-complex by using rat-growth as an index. 
Certain rats on experimental diets free from the 
vitamin under test were found to suffer no disability, 
whereas others succumbed on the same diet. 
Fridericia*’ in Denmark showed that the ability to 
withstand such deficiencies is not necessarily due to 
coprophagy, that is, the eating of their own droppings, 
but is due to a power developed by some rats of 
synthesizing the vitamins of the B-complex. Later 
investigations have shown that it is the bacteria 
inhabiting the gut which synthesize the B vitamins 
for the refected rat, because such refection is inhibited 
by dextrinizing the raw starch in the diet or by 
adding filter paper to the diet. It is also either 
inhibited or diminished by surgical removal of the 
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rat's cecum or by the administration of 
absorbable sulphonamides such as succinyl s\ 
thiazole'***. In this last type of experiment, 
and others*' have shown that growth is res 
when rats ingesting sulphonamide are allowed | 
feces of rats on the same diet but withou 
sulphonamide. In the rat, and perhaps i: 
ruminant, it has been shown that the fat-s: 
vitamin K can also be synthesized by sym))i 
bacteria. 

There is evidence that even in man himselt 
certain circumstances which still need ac: 
definition, the bacteria in the large bowel ca: 
thesize aneurin and niacin®*. In the rat an 
mouse, evidence has been produced which sugvests 
that some members of the B-complex, for example, 
inositol, are not needed directly by the animal but as 
micronutrients for its symbiotic bacteria®*. The 
power of man’s own symbionts to synthesize mem. 
bers of the B-complex may explain why the incidence 
of such diseases as beriberi and pellagra varies 
markedly in areas where they are endemic. 

Circumstantial evidence as to the obligate nature 
of the symbiosis of insects and bacteria or actino. 
mycetes is provided by studies of the manner in 
which these symbionts reach the eggs of the host, 
cases being known where the embryo is infected at 
the time of laying and before the egg-membrane is 
formed. Mansour and Mansour-Bek** believe that 
such evidence does not justify the attributing of 
mutualism to such symbiosis. In many cases, how. 
ever, mutualism has received rigorous proof. Thus 
Rosenkrantz** in 1939 demonstrated the presence of 
symbiotic bacteria in stink bugs (Hemiptera, 
Heteroptera), and showed the presence of organs in 
the body, the function of which is to ensure that egg: 
become infected as they are laid. In twenty-three 
families of the same group (Heteroptera), Schneider” 
showed that larve hatching from such eggs developed 
normally, whereas larve from sterilized eggs survived 
only six to nine days. Brecher and Wigglesworth" 
have shown that when deprived of its actinomycetes 
Rhodnius prolixus rarely reaches the imaginal stage, 
and that any imagos which are produced are sterile 
unless they are allowed to become re-infected with 
the actinomycete. Growth is resumed when larve 
are allowed to become re-infected. 

In the hemipterous insect Cicadella viridis, Mahdi- 
hassan**® has demonstrated two bacterial symbionts, 
one producing a green pigment, sarcinene, and the 
other producing 8-carotene. Mahdihassan states that 
8-carotene is needed by the insect, which changes it 
to vitamin A. This observation, if confirmed, is 4 
case of mutualism affecting a fat-soluble vitamin 
other than vitamin K. 

Perhaps the most interesting case of symbiosis 
affecting synthesis of the B-complex is in the insects 
investigated by Blewett and Fraenkel*®, who were 
comparing the susceptibilities of various grades 0 
flour to damage by insects. Fraenkel and Blewett 
raised insects from disinfected eggs. The insects 
investigated were two beetles which commonly infest 
stored flour and grain, Lasioderma serricorne and 
Sitodrep1 panicea. They had noted in earlier 
researches that L. serricorne and S. panicea did not 
appear to require certain members of the B-complex 
in their diets because they could develop normally in 
flour of 75 per cent extraction (N.S.R.), while two 
other beetles also infesting grain and flour, Tribolium 
confusum and Ptinus tectus, could not grow normally 
on National Straight Run flour unless yeast was 
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added. Tribolium and Ptinus developed normally on 
wholemeal flour. In many insects symbiotic bacteria 
or fungi are enclosed in special organs called ‘myce- 

s. Microscopic examination of Fraenkel and 
Blewett’s beetles showed that the former two species 
which could do without the B-vitamins possessed 
myeetomes containing symbiotic yeast-like organisms 
while the latter two species did not. Fraenkel and 
Blewett, therefore, supposed that Lasioderma and 

Sitodrepa were dependent on their symbionts for 
their supplies of essential water-soluble vitamins. 
They proved the truth of their hypothesis by showing 
that in the absence of their symbionts, Lasioderma 
and Sitodrepa lose their power of living on a diet 
lacking certain members of the B-complex. They 
also showed that, when freed from synbionts by 
being hatched from sterilized eggs, Lasioderma and 
Sitedrepa behaved in much the same way as did 
Tribolium and Ptinus when subjected to diets 
deficient in certain members of the B-complex. 

To summarize these observations on symbiosis 
and nutrition, it may be said that examples of 
symbiosis which have long been known have, by 
morphological and biochemical researches, been 
raised in some cases to examples of what we may 
call mutualism. 

The fixation of nitrogen by Rhizobium radicicola 
living in the roots of legumes proves this symbiosis 
to be a case of mutualism. 

While mycorrhiza is essential to the normal deve- 
lopment of the orchid, it is not essential to the life 
of the fungus producing it, for the latter lives quite 
successfully as a saprophyte in dead pine needles, or 
even when grown in a simple synthetic medium with 
dextrose and mineral salts. In those orchids which 
are devoid of chlorophyll, the mycorrhizal condition 
is associated with a completely saprophytic habit, 
and the dependence of the orchid on the fungus is 
obvious. 

The manner of establishment of mycorrhiza varies 
in different plant orders for, while orchid seeds are 
shed quite free from fungus, the grains of the rye- 
grass Lolium are regularly infected. The mechanism 
of infection in Lolium is reminiscent of the method 
found in certain insects in which the eggs are auto- 
matically infected before they are laid. The status 
of the mycorrhizas of forest trees still has to be 
decided. Circumstantial evidence is, however, 
strongly in favour of a real dependence of such trees 
on their mycorrhizal fungi. 

In ruminants, symbiotic bacteria, yeasts and pro- 
tozoans inhabit the paunch. Similar microbiological 
pictures are shown by the c#cum and colon of 
various mammals, including man. That the bacteria 
in all these cases benefit their hosts is not easy to 
prove. That the bacteria of the paunch of ruminants 
do, however, benefit their hosts has been shown by 
the following observations: (1) Rumen bacteria 
digest cellulose whereas the ruminant itself can- 
not*.32, (2) They generate acetic acid from carbo- 
hydrates and thus assist in their digestion. (3) They 
elaborate protein from ammonium nitrogen, and this 
protein, together with bacterial polysaccharide, 
becomes by autolysis and normal digestion available 
to the host**.**, The elucidation of the chemistry of 
the water-soluble vitamins of the B-complex has 
shown that many bacteria inhabiting the bodies of 
mammals and insects provide their hosts with an 
endogenous source of these vitamins. There is 
evidence that even in man B-vitamins are produced 
by bacteria in the colon. Further investigations will 
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probably greatly extend the list of animals with such 
an endogenous symbiotic supply of B-vitamins. 

Some of the results of recent investigations of the 
symbiotic relations of micro-organisms and mammals 
have been discussed elsewhere**.**, 
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OBITUARIES 
Dr. D. E. Lea 


RaprosroLoGcy has suffered a serious loss by the 
death of Douglas Lea as the result of an accident at 
the early age of thirty-seven. In his short life he 
had already become one of the leading authorities in 
the world on the fundamental aspects of the mech- 
anism of the biological actions of ionizing radiations. 
Fortunately, he had summarized his work and ideas 
in an excellent book entitled “‘Actions of Radiations 
on Living Cells” (Cambridge University Press, 1946). 
This book is his memorial and is likely to influence 
radiobiology and radiotherapeutics for many years 
to come. 

Douglas Edward Lea was born in Liverpool on 
February 8, 1910. From Liverpool Collegiate School 
he went with scholarships to Trinity College, Cam- 
bridge, in 1928. He gained firsts in Part 1 of the 
Mathematical Tripos in 1929, and in Part 2 (Physics) 
of the Natural Sciences Tripos in 1931. The whole 
of his working life was spent in Cambridge. He 
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started research in physics, working in the Cavendish 
Laboratory with Lord Rutherford and Dr. (now Sir 
James) Chadwick. In 1934 he made the discovery of 
the capture of a neutron by a proton to form a 
deuterium nucleus with emission of gamma radiation. 
For this and related work he was elected to a fellow- 
ship at Trinity in 1934. He took the degree of Ph.D. 
(Cambridge) in 1935. Then he turned to biophysics, 
and went to work at the Strangeways Laboratory, 
first with a grant from the British Empire Cancer 
Campaign and then during 1942-46 as Prophit 
Student of the Royal College of Surgeons. His first 
work in this field. was a study of the mechanism of 
the bactericidal action of radiations, made in con- 
junction with his friends Drs. R. B. Haines and C. A. 
Coulson, and was a promising beginning, with 
quantitative interpretation of the results in terms of 
the target theory. Although twenty-one out of his 
thirty-one biological papers were published in col- 
laboration, it is evident that in many of them Lea 
made a major contribution both to the experimental 
technique and the quantitative interpretation. His 
experimental skill, developed during his period of 
training at the Cavendish Laboratory, is demon- 
strated in his papers on a radiation dosemeter and 
automatic devices for controlling the output of X-ray 
tubes, and the X-ray equipment he built at the 
Strangeways Laboratory. He went to great pains to 
learn the necessary biological techniques, as shown, 
for example, in his paper on the delayed lethal action 
of radiations on chick embryos. 

Lea’s outstanding contributions to radiobiology 
are to be found in his papers on the target theory of 
gene mutation, the variation with wave-length of the 
biological effects of radiations, the inactivation of 
viruses and enzymes by radiations and the mechanism 
of induction of chromosome aberrations by radiations. 
Of great interest and importance was his work in 
collaboration with Dr. D. G. Catcheside on chromo- 
some aberrations in T'radescantia, in which was made 
the remarkable theoretical prediction, with experi- 
mental verification, of the sharp maximum in 
efficiency of chromatid breakage by soft X-rays at a 
wave-length between 4 and 5 A. 

During the last few years Lea was becoming 
increasingly interested in the mechanism of radio- 
chemical reactions in relation to biological effects. 
In October 1946 he was appointed reader in radio- 
biology in the Department of Radiotherapeutics of 
the University of Cambridge, though on account of 
the shortage of laboratory space he continued to 
work at the Strangeways Laboratory. Only’ two 
days before his death he was informed that he had 
been successful in his application for the degree of 
Se.D. of the University of Cambridge. He had many 
plans, and had arranged to take leave of absence 
during the next academic year to work at the 
Memorial Hospital in New York. 

Lea had come to occupy an exceptional position 
as collaborator, adviser and friend to a great many 
workers in a wide range of subjects requiring the 
application of biophysical, statistical and mathe- 
matical techniques. We al: liked him for his unending 
kindness, his integrity, his modesty and his patient 
helpfulness. He always produced the information 
required, without considering time or trouble. It is 


very difficult to estimate the extent of his influence. 
Although it could be said that his work was his main 
interest, he was alsc essentially a family man, and 
greatly devoted to his wife and two young children. 
J. 8. Mrrower. 
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K. H. Stephensen 





ArTer a short illness from pneumonia Knud 
Hensch Stephensen, inspector of the University 
Zoological Museum of Copenhagen, died on Marc! 13. 

Stephensen was born on November 29, 1882, and 
took his degree as candidatus magisterii at the Univer. 
sity of Copenhagen in 1907. Besides teaching at 
grammar school, he at once embarked upon the study 
of crustaceans, which held his interest for the rest 
of his life. From 1914 he was curator of the crustacean 
collections of the University Zoological Museum and 
was thus the successor of H. J. Hansen and, before 
him, Henrik Kréyer ; under his care, the collect ions 
were kept in excellent order and grew considerably, 
At the same time he was a very productive invosti- 
gator, the total number of his papers being about 
130; practically all of them deal with crustaceans 
and pycnogonids. 

Stephensen’s work was primarily systematic and 
faunistic, and he seldom attempted to draw general 
conclusions of a higher order; but all his papers 
bear witness to his deep penetration into his subject ; 
he was a capable draughtsman, and had a thorough 
knowledge of the literature of the Crustacea. He cealt 
with almost all groups of the Malacostraca, and 
was one of the few systematicists left who really 
mastered this big group. But even he had to realize 
the necessity of specialization ; and he chose one of 
the most difficult and largest groups, the amphipods. 
A long series of papers appeared on the North 
Atlantic species, benthonic as well as planktonic; 
big reports on the collections of the Ingolf and the 
Thor Expeditions were followed by papers on col 
lections from almost every part of the world. At his 
death he was undoubtedly the leading authority on 
the systematics of amphipods. Yet one of his last 
papers—and an excellent one—was on the crabs of 
the Persian Gulf. 

Stephensen led a happy life; he was enthusiasti 
about his work, whether sitting quietly at the micro. 
scope in the museum or collecting in the field. In 
1912 he spent the summer in West Greenland studying 
the fauna of the fjords ; during 1921-22 he took part 
in the Dana Expedition to the Sargasso Sea, West 
Indies and the Gulf of Panama, and in 1925 he 
collected in the Faroe Islands. 

While his publications show him mainly as a car. 
cinologist, Stephensen’s general interests were wide; 
he was a keen all-round naturalist and also much 
interested in architecture and archeology. Many 
colleagues all over the world will miss his long and 
personal letters, written in his beautiful handwriting 
—colleagues who became his friends for life, if they 
happened to visit Copenhagen and once experienced 
the friendliness and hospitality of Stephensen and 
his wife. 

Stephensen considered a sound taxonomy of 
fundamental importance to all branches of biology, 
ecology, physiology, ete., a view which has not been 
sufficiently appreciated by many working in these 
fields ; so much the greater was his pleasure when, 
in 1946, he was made a corresponding member of the 
Linnean Society of London, for he took it as a token 
that his work on the lines of Linnzus, whom he 
admired very much, had not been in vain. 

Every empty chair in the field of zoological 
systematics is difficult to fill nowadays, and Stephen- 
sen’s death means a great loss to Danish zoology ; 
but his authority will be missed beyond the borders 
of his own country. Anton Fr. Bruun 
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NEWS and VIEWS 


Theoretical Physics at Manchester: Prof. L. 
Rosenfeld 
Dr. Leon Rosenretp has now taken up the 


position, to which he was recently appointed, of 
professor of theoretical physics in the University of 
Manchester in succession to Prof. D. R. Hartree. 
Prof. Rosenfeld was born in 1904 in Liége, graduating 
there in 1926. He then spent a year in Paris at the 
fecole Normale Supérieure, during which he worked 
with Prof. Louis de Broglie. His first published work, 
on five-dimensional relativity, appeared about this 
time. In 1927 he went as assistant to Prof. Max 
Born in Géttingen, and while there worked on prob- 
lems of optical activity and the Faraday effect ; then 
to Zurich with Prof. Pauli, where he studied quantum 
electrodynamics. In 1931 he became a teacher in 
the School of Electrical Engineering at Liége. From 
1930 until 1940 he worked in very close collaboration 
with Prof. Niels Bohr, spending a considerable part 
of each year in Copenhagen. In 1935 he was elected 
to the chair of theoretical physics at Liége, and in 
1940 moved to a similar chair at Utrecht in Holland. 
Prof. Rosenfeld is one of the leading theoretical 
physicists of to-day and is distinguished not only for 
his great original contributions to the most difficult 
and deep parts of modern quantum mechanics and 
nuclear structure, but also for his wide knowledge and 
scholarship. He is now completing a book on the 
quantum theory of nuclear forces which should prove 
valuable to all theoretical workers on nuclear struc- 
ture. In his new position in Manchester he will add 
greatly to the strength of theoretical physics in 
England. He will be in very close touch with the 
experimental researches being carried out in the 
laboratory of Prof. P. M. 8. Blackett. 


Case Institute of Technology : Dr. T. K. Glennan 


Dr. T. KerrH GLENNAN, now an executive of the 
Ansco Division of General Aniline & Film Corporation, 
Binghamton, New York, and war-time director of the 
U.S. Navy Underwater Sound Laboratory, has been 
appointed president of the Case Institute of Tech- 
nology. Dr. Glennan will be the first business execu- 
tive to head the Cleveland engineering school, which 
has had but three presidents since its establishment 
sixty-seven years ago as the Case School of Applied 
Science and which adopted its new name on 
July 1. He succeeds Dr. William E. Wickenden, 
who retires on September 1, after eighteen years 
of service. 

Dr. Glennan received the Medal for Merit, the 
highest civilian award which the U.S. Government can 
bestow, for his work during 1942-45 at the U.S. Navy 
Underwater Sound Laboratory, which was operated 
by Columbia University at New London, Conn., for 
the Office of Scientific Research and Development, 
headed by Dr. Vannevar Bush. As director of this 
laboratory he guided the development of various 
submarine detection and location devices. One of 
these, the expendable radio sono-buoy, is described 
in James Phinney Baxter’s Pulitzer prize volume, 
‘“Seientists Against Time”’, as ‘‘one of the outstanding 
developments of the war’’. This device led to the 
destruction of a large number of German submarines 
and played an important part in the Battle of the 
(tlantic. 


Electrical Engineering in 
Alberta: Prof. J. A. Harle 


Mr. J. A. HARLE, head of the Technical and Research 
Department of Messrs. A. Reyrolle & Co., Ltd., has 
been appointed professor of electrical engineering in 
the University of Alberta at Edmonton, Canada, and 
is sailing early in August to take up his appointment 
on September 1. He served his time with Messrs. 
C. A. Parsons and Co., Ltd., and studied at Armstrong 
(now King’s) College under the late Prof. W. M. 
Thornton, graduating with distinction in 1919. He 
was appointed lecturer in electrical engineering at 
Armstrong College in the same year. In 1922 the 
late Mr. Clothier invited him to join the Technical and 
Research Department of Messrs. A. Reyrolle & Co., 
Ltd., and he took over the headship of the Depart- 
ment in 1937, when he succeeded Mr. B. H. Leeson. 
Mr. Harle served as chairman of the North-Eastern 
Centre of the Institution of Electrical Engineers during 
the session 1944-45, and he has been the Institution’s 
area member for the Education and Training Advisory 
Service for returned Service members. He is parti- 
cularly interested in insulation and circuit-breaking 
problems, both from the research and from the 
standardization point of view. 


the University of 


Genetica! Society of Great Britain : 
Members 


At the annual general meeting of the Genetical 
Society of Great Britain, held at Rothamsted Experi- 
mental Station, Harpenden, on July 3, the following 
were elected honorary members of the Society : 
Prof. Herman Joseph Muller, Department of Zoology, 
Indiana University, Bloomington, Ind., who has 
played a leading part in the analysis of the genetics of 
Drosophila, and is known especially for work on 
the induction of mutation by X-rays, which he 
initiated and developed ; Prof. Otto Renner, Depart- 
ment, of Botany, University, Jena, known for his 
analysis of the genetics of Oenothera, by which he 
solved a problem which had exercised evolutionists 
for twenty-five years, and also for his outstanding 
work on the autonomy of plastids; Prof. Ojvind 
Winge, Carlsberg Laboratorium, Copenhagen, dis- 
tinguished for his studies on the sex chromosomes, 
especially of fish and of flowering plants, by which he 
successfully demonstrated the evolution of the XX-, 
X Y-chromosome mechanism, also for his distin- 
guished researches on the genetics of wheat and of 
the ever-sporting stock (Matthiola). 


Honorary 


International Union of Crystallography 


AT an international conference of crystallographers 
held in London in July 1946 under the auspices of the 
X-ray Analysis Group of the Institute of Physics 
(Nature, 158, 260 (1946); J. Sci. Instr., 24, 1 (1947)) 
a committee was appointed to prepare a permanent 
international organisation of crystallographers. This 
task has now been achieved, and an International 
Union of Crystallography has been formed and recog- 
nized by the International Council of Scientific Unions. 
In the countries adhering to the Union, national 
crystallographic committees will be set up. Among 
the purposes of the new Union listed in the statutes 
are the promotion of international co-operation and 
publication, and the representation of crystallography 
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in its relations to other sciences. The first full con- 
stitutive general assembly may be delayed for a year 
or two, until a full-scale international gathering be- 
comes desirable after the meeting in 1946; but the 
committee charged with preparing the formation of 
the Union has been authorized to carry on meanwhile 
as the executive committee. The acting general 
secretary is Dr. R. C. Evans, Crystallographic 
Laboratory, Cavendish Laboratory, Cambridge, Eng- 
land, to whom all correspondence should be directed. 


Acta Crystallographica 


THe most urgent task confronting the new Union 
of Crystallography is the re-establishment of an 
international journal for publishing crystallographic 
research. Thanks to generous financial support from 
the United Nations Educational, Cultural and 
Scientific Organisation and from many research 
associations and industrial organisations in Britain, 
preparations are now well advanced for the launching 
in January 1948 of Acta Crystallographica, a journal 
to appear in six issues a year under the editorship 
of Prof. P. P. Ewald (Queen’s University, Belfast, 
Northern Ireland), with Dr. R. C. Evans (Crystallo- 
graphic Laboratory, Cavendish Laboratory, Cam- 
bridge, England), Prof. I. Fankuchen (Brooklyn 
Polytechnic Institute, 99 Livingston Street, Brooklyn 
2, N.Y., U.S.A.), Prof. A. V. Shubnikov (c/o Academy 
of Sciences, Moscow, U.S.S.R.) and Prof. J. Wyart 
(Laboratoire de Minéralogie, La Sorbonne, 1 rue 
Victor-Cousin, Paris V, France) as regional co-editors. 
The Cambridge University Press will be the publishers 
and general distributors ; but by arrangement of the 
American Institute of Physics it will be possible for 
subscribers in North America to pay their subscription 
through that Institute. Authors wishing to submit 
papers in English, French, German or Russian are 
asked to send them to Dr. Evans or Prof. Fankuchen, 
Prof. Wyart, Prof. Ewald, and Prof. Shubnikov, 
respectively, according to the language used. 


Council for the Promotion of Field Studies 


Tue Council for the Promotion of Field Studies 
announces that it has gratefully accepted the generous 
offer of the Court of the Worshipful Company of 
Goldsmiths to provide the sum of £6,000 for the 
establishment of a residential field study and research 
centre at Malham Tarn House, near Settle, York- 
shire. It is desired that the gift should be associated 
in name with the Goldsmiths’ Company, and that a 
portion of it should be used to set up a rock and water 
garden for plants in their natural setting. Last year 
this property of 457 acres, including the tarn and 
tarn moss, came into possession of the National 
Trust, which offered to lease it to the Council. 
Malham Tarn House is situated in a district of great 
geological, ecological and archzological interest, and 
for certain branches of study the position of this 
field centre will be unique in the British Isles. 

The Carnegie United Kingdom Trust, through 
the generosity of which the Council was enabled to 
open its pioneer field centre at F latford Mill in 1946, 
has recently made a further grant of £5,000 to com- 
plete the establishment of that centre. Further 


centres are being established at Juniper Hall, near 
Box Hill, Surrey, and at Dale Fort, on the Pembroke- 
shire coast. 

Prof. A. G. Tansley has accepted the office of 
president of the Council, and the executive committee 
has made the following appointments: Director and 
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Secretary: F. H. C. Butler, Ravensmead, Kesi»n, 
Kent ; Warden of Flatford Mill Field Centre: E. A. R. 
Ennion ; Warden of Juniper Hall Field Centre: G. B, 
Hutchings; Assistant Wardens: J. H. Barrott, 
E. J. Douglas, J. H. P. Sankey. A central office for 
the Council will be opened shortly in South Kon. 
sington. 


Bradford Technical College 


THE application of the Bradford City Council to 
the University Grants Committee for the recognition 
of Bradford Technical College as a university college 
ranking for a Treasury grant has been refused. In 
communicating this decision, the University Grants 
Committee has stated that it considers the application 
of the term ‘university college’ to an institution 
primarily or exclusively technological in scope to be 
inappropriate and confusing; the distinction is not 
one of rank or status, but of kind. The Committee 
also pointed out that financial support for a college 
of which the primary function is technology is a 
matter for the Ministry of Education and not for the 
University Grants Committee. Following considera- 
tion of the report of the University Grants Committee 
at a meeting on June 18, Bradford Further Education 
Sub-Committee decided to seek an interview with 
both the Chancellor of the Exchequer and the Minister 
of Education to investigate further the possibilities of 
securing for the College university status. 


“A Century of British Chemistry”’ 


WE have received “‘A Century of British Chemistry”, 
by Dr. F. Sherwood Taylor, published for the British 
Council by Longmans, Green and Co., Ltd. (ls. 6d. 
net). This is intended to mark the centenary cele- 
brations of the Chemical Society, which were due in 
1941 but were postponed on account of the War 
(see Nature of July 5, p. 6). The booklet deals with 
the contributions of British men of science to various 
branches of chemistry during the century in which 
the Society has been in existence; but as no his- 
torically sound document could be produced on such 
lines alone, account has also been taken in some 
places of the contributions of other nations in 
initiating or extending chemical knowledge. The 
booklet includes plates of portraits and illustrations 
of apparatus of historical interest. There is an index. 


History of Chemistry 

Tue University of Pennsylvania Press is initiating 
an annual publication on the history of chemistry, 
entitled Chymia. A volume will consist of about 
a dozen articles, each of about 4,000—5,000 words, 
contributed by outstanding scholars from all over the 
world. The publication is sponsored by the Edgar F. 
Smith Memorial Collection at the University of 
Pennsylvania, a well-known collection of rare books, 
manuscripts, prints, and other items of interest in the 
development of chemistry. Publication will be under 
the direction of a board of American editors with a 
group of consulting editors, all of international 
prominence. The first number is ready for the press 
and will probably be issued this autumn. The 
Oxford University Press will publish Chymia in Great 
Britain. Requests for further information should be 
addressed te Eva V. Armstrong, secre of the 
Board of Editors, Edgar F. Smith Collection, 
Harrison Laboratory, University of Pennsylvania, 
Philadelphia 4. 
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Non-industrial Civil Servants 

In the detailed statement as to the number of 
non-industrial Civil Servants in departments with 
staffs of more than a thousand at April 1, 1947, 
circulated by the Chancellor of the Exchequer in 
Hansard of July 1 in reply to a question in the House 
of Commons, the staff of the Department of Scientific 
and Industrial Research is given as 2,248, as against 
1,502 on April 1, 1939. The Forestry Commission 
now employs 1,334 as against 509, the Ministry of 
Agriculture and Fisheries 6,233 instead of 2,591, the 
Ministry of Education 2,898 instead of 2,078, the 
Ministry of Health 5,087 as against 6,676, the Depart- 
ment of Agriculture, Scotland, 1,376 instead of 659, 
and the Department of Health, Scotland, 1,013 in 
place of 991. The total is now 702,363 as against 
382,709 in 1939; of this number 262,372 are in the 
Post Office. In the debate on the Post Office on the 
following day some reference was made to research, 
and the Assistant Postmaster-General stated that a 
house has been taken at Stone, Staffordshire, where a 
thousand engineers would be trained, some of whom 
have been at Dollis Hill. The accommodation thus 
released would be available for carrying out funda- 
mental research, and by 1950 it is expected to have 
150 fully qualified scientific men and engineers on 
such research. It is proposed to double the major 
engineering and scientific staff at Dollis Hill during 
the next few years, 


Imperial Bureau of Pastures and Field Crops 

As a result of a recommendation of the 1946 Review 
Conference of the Imperial Agricultural Bureaux, the 
Imperial Bureau of Pastures and Forage Crops now 
becomes the Imperial Bureau of Pastures and Field 
Crops (director, Dr. R. O. Whyte). In its expanded 
form it will cover that part of the literature on the 
following crops net already the concern of the 
Bureaux of Plant Breeding and Genetics, or Soil 
Science: all cereals, field root-crops, pulses, ground- 
nuts, cotton and other fibre crops grown on a field 
scale, sugar beet and sugar cane, in addition to the 
literature om grassland management and fodder 
production which has been the concern of the Bureau 
for the past seventeen years. Attention will continue 
to be given to those aspects of plant biological 
research which refer to the crops now covered, and 
sections will now also deal with farming systems 
concerned in the production of field or forage crops, 
and certain economic aspects of crop and fodder 
production. 

Although the name of the Bureau has been changed 
to Pastures and Field Crops and a second abstracting 
journal (in addition to Herbage Abstracts) is to be 
published from 1948 onwards, it will be some time 
before it will be possible to claim that the extended 
field of research and practice is being adequately 
covered, or before it will be possible to reply without 
a little difficulty to inquiries on the new crops now 
added to the Bureau’s responsibilities. Those con- 
cerned with these crops should send their publications 
and reports to the Imperial Bureau of Pastures and 
Field Crops, Penglais, Aberystwyth, Wales, for 
review in the new abstracting journal dealing with 
field crops. Particulars of this journal will be sent 
to persons interested. 


University of Birmingham 
THE University of Birmingham has created a chair 
of gastroenterology and has appointed as its first 
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occupant Dr. T. L. Hardy. Dr. Hardy was one of the 
founders of the British Society of Gastro-enterologists 
in 1938. 

Dr. J. F. Brailsford, who is well known as a radiolo- 
gist, has been appointed honorary director of radiolo- 
gical studies in living anatomy. Dr. Brailsford was 
the first radiologist to be elected Hunterian professor 
of the Royal College of Surgeons, and is a former 
president of the British Association of Radiologists. 

Four members of the University have been 
appointed to professorial chairs overseas: Dr. F. 
Smith, reader in the Department of Chemistry, to the 
chair of chemistry in the University of Minnesota ; 
Mr. N. M. MacElwee, lecturer in electrical engineering, 
to the chair of electrical engineering in University 
College, Christchurch, N.Z.; Dr. T. G. Hunter, of the 
Chemical Engineering Department, to the chair of 
chemical engineering in the University of Sydney, 
Australia; and Dr. F. J. Llewellyn to the chair of 
chemistry in the University of Auckland, N.Z. 

At the annual degree congregation, the Chancellor 

(Mr. Anthony Eden) conferred the honorary degree of 
doctor of science on Dr. Otto Robert Frisch, director 
of the Nuclear Physics Section of the Atomic Energy 
Research Establishment at Harwell, newly appointed 
Jacksonian professor of natural philosophy in the 
University of Cambridge. The degree of doctor of 
science was conferred on the following: F. A. Fox 
(metallurgy), J. K. N. Jones (chemistry), J. H. 
Partridge (metallurgy), W. T. Pell-Walpole (metal- 
lurgy), and L. F. Wiggins (chemistry). 
* A presentation was made to Prof. J. G. Smith, 
after twenty-eight years service to the University, on 
his retirement from the post of vice-principal. Prof. 
Smith is succeeded as vice-principal by Sir Norman 
Haworth, professor of chemistry in the University. 


Announcements 


Ly connexion with the centenary celebrations of the 
Chemical Society, the University of London has 
conferred honorary degrees on the following: Prof. 
C. N. Hinshelwood, Dr. Lee’s professor of chemistry 
in the University of Oxford (president of the Chemical 
Society) ; Prof. J. N. Bronsted, professor of chemistry 
in the University of Copenhagen; Prof. P. Karrer, 
professor of chemistry in the University of Zurich ; 
Prof. L. C. Pauling, professor of chemistry in the 
California Institute of Technology. 


Pror. G. H. Harpy, emeritus professor of pure 
mathematics in the University of Cambridge, and 
Dr. A. F. Blakeslee, honorary professor of botany at 
Smith College, Northampton, Mass., have been elected 
foreign associates of the Paris Academy of Sciences. 

Sir Edward Appleton, Sir Alexander Fleming and 
Sir Arthur MacNalty have been elected honorary 
fellows of the Royal Society of Edinburgh. 


Dr. Davip Heron has been elected president of the 
Royal Statistical Society in succession to Lord Wool- 
ton. Prof. J. H. Jones, emeritus professor of economics 
in the University of Leeds, has been elected honorary 
treasurer. 

Tue following appointments in the University of 
Sheffield have been announced: Dr. D. H. Peacock, 
lecturer in chemistry; C. Hulse, lecturer in fuel 
technology; H. D. Bush, assistant lecturer in 
physics ; J. M. Thoday, assistant lecturer in botany 
and zoology (for cytogenetics); Dr. D. B. Leason, 
research assistant in fuel technology. Dr. R. Rado 
has resigned from the post of lecturer in mathematics. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 


No notice is taken of anonymous communications 


Quantitative Estimation of Mixtures of Sugars 
by the Paper Chromatogram Method 


MopERN developments in the chemistry of the 
polysaccharides have served to increase the import- 
ance of the problems of identification and estimation 
of mixtures of sugars. In many cases the mixture 
of sugars resulting from hydrolysis of a_poly- 
saccharide is so complex as to render analysis by 
orthodox methods difficult. These have depended 
mainly on precipitation by a specific reagent and 
deal usually with quantities of the order of 200 mgm. 
of each individual sugar. There is an urgent need, 
therefore, for a method which would permit separa- 
tion and facile estimation of complex mixtures, and 
would be capable of dealing with the very small 
quantities which are obtained in many biologieal 
studies. 

A remarkable advance on the qualitative side has 
recently been described by Partridge', who has 
developed an application of the paper chromatogram? 
to the separation of exceedingly minute amounts of 
sugars. Using a similar technique, we have now 
elaborated a method for the quantitative determina- 
tion of the separated sugars, and we are able to 
analyse qualitatively and quantitatively mixturés 
containing several sugars with an accuracy of + 5 per 
cent. The total quantity of material used in the 
analysis is less than 1 mgm. 

For the quantitative estimation of the sugars 
separated on the chromatogram, Somogyi’s micro- 
copper reagent® has been used. An alternative pro- 
cedure consists of measuring by a colorimetric 
method‘ the formaldehyde produced by oxidation of 
the sugars with periodic acid. The micro-copper 
reagent will deal with quantities of sugar ranging 
from about 0-05 mgm. to 5-0 mgm., these amounts 
varying slightly with different sugars. In order to 
obtain amounts of sugar on the paper chromatogram 
falling within this range, as many drops of solution 
(of equal size) as are required to make up this quant- 
ity are placed side by side on the starting line of 
the chromatogram. In general, two paper sheets 
were used, measuring approximately 60 cm. by 10 cm. 
One of the end spots is well separated from the others, 
so that after chromatographing and drying off the 
solvent, a narrow strip containing this end spot can 
be cut from the original paper sheet and the position 
of the sugars determined by spraying with ammoniacal 
silver nitrate, a preliminary qualitata e identification 
of the sugars having already been made on another 
chromatogram. The rest of the paper can then be 
divided into corresponding sugar zones by reference 
to the small sprayed strip. At the same time, equal 
areas of paper are cut from the same major sheet 
to serve as paper blanks. 

After the sheet has been cut, the strip of paper 
containing the sugar is suspended by platinum wire 
from the lower coil of a ground-glass spiral condenser 
to which is attached by a ground-glass joint a boiling- 
tube containing water. All further operations are 
carried out in this tube, so that no transfer of liquid 
is necessary. It has been found that the sugars can 
be extracted quantitatively by refluxing water in 
this apparatus. At the same time, an exactly identical 
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procedure was carried out with the appropriate 
paper blank. 

In order to obtain consistent results with the 
copper reagent, it was found essential to analyse 
at the same time a standard solution of the particular 
sugar under identical conditions. By this means it is 
possible to arrive at a sugar-weight corresponding to 
each titration figure, and in this way the sugar ratios 
can be determined. 

In some cases where it is known with certainty 
that the sugars determined comprise the sum total 
of polysaccharide, it is sufficient to convert the ratios 
to percentages. More often, however, partially 
hydrolysed components may be present which would 
make this device unjustifiable. This difficulty is 
readily surmounted by weighing into the hydrolysate 
a sugar known not to be originally present and having 
a Ry value markedly different from the sugars to 
be estimated. This serves as a reference compound, 
and a knowledge of the various ratios now leads 
directly to absolute weights. 

For example, using this procedure we have been 
able to estimate satisfactorily the components present 
in a mixture containing respectively galactose and 
rhamnose; glucose, xylose and arabinose; and 
galactose and arabinose. These groups were chosen 
specially on the ground that they are of frequent 
occurrence in plant gums and other similar materials, 
and offer very serious analytical problems by ordinary 
methods. As a particular example of a difficult mix- 
ture, results obtained with rhamnose and arabinose 
are given in detail in the accompanying table. 





P : , 





| | 
Found | Calculated | 
Sugar by from | 
weighed | titra- | reference Recovery 
out | tion | compound | (per cent) 
(mgm.) (mgm.) (mgm.) 
| To be | | | 
estimated | Rhamnose | 9-60 | 0-261 | 9-22 96 
| To be | } 
estimated  Arabinose 5-80 0-157 | 5-54 95-5 
Reference 
0-124 — 100 


compound! Glucose 4°38 
| | (assumed ) 





As a further example of the scope of the method, 
reference may be made to its application to an 
analysis of the sugars present in Cholla gum (from 
Opuntia fulgida). Qualitative chromatographic 
analyses revealed the presence of l-arabinose, d- 
xylose, d-galactose and a uronic acid. Quantitative 
chromatographic analysis, together with an estima- 
tion of the uronic acid content by a micro-method, 
showed that the sugars and uronic acid are present 
in the polysaccharide in the ratio of 6:2:3:1 
respectively. Investigations by Mr. Fred Brown 
using the normal procedure of methylation and 
hydrolysis on the macro-scale had earlier revealed 
the same proportion of sugars to be present in the 


gum. 
Furthermore, we have succeeded in separating 
mixtures of methylated sugars and are applying the 
method to end-group determinations on a micro- 
scale. Using petrol ether, b.p. 40°-60° (specially 
purified), as the mobile phase in the chromatogram, 
it is possible to separate a dimethyl pentose from a 
trimethyl pentose, while n-butanol permits the sep- 
aration of a trimethyl hexose from a tetramethy! 
hexose. The sugars can be isolated and estimated 
as before, except that in these cases the periodate- 
formaldehyde methed is not applicable. 
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The qualitative separation has also been made 
applicable to the simple mono- and di-carboxylic acids 
and is being extended to cover the sugar acids. 

[t is apparent that the method should be of wide 
application as a micro-method of investigation in 
the carbohydrate group. 


A. E. Fioop 
E. L. Hirst 
J. K. N. Jones 


Department of Chemistry, 
University, 
Manchester, 13. 
May 3. 

t Partridge, 8. M., Nature, 158, 270 (1946). 
*Consden, R., Gordon, A. H., and Martin, A. J. P., 

38, 224 (1944). 
* Somogyi, M., J. Biol. Chem., 160, 61 (1945). 
‘Desnuelle, P., Antonin, 8., and Naudet, M., Bi. 

(Trav.), 26, 1168 (1944). 


Biochem. J. 


Soc, Chim. biol. 


Colour of lodine Solutions 


THE dependence of the colour of iodine solutions 
upon the nature of the solvent is generally believed 
to be due to the presence of loosely bound iodine- 
solvent complexes, or ‘solvates’, in the brown solu- 
tions (for example, in ethanol) and of ‘unsolvated’ 
diatomic iodine molecules in the violet solutions (for 
example, in carbon tetrachloride)'. The nature, how- 
ever, of this ‘solvation’ remains obscure. It is 
obviously not a simple electrostatic solvation, for it 
has little to do with the dielectric constant of the 
solvent ; nor would such a solvation serve to account 
for the marked difference in chemical properties 
between the violet and brown solutions. 

An explanation may be found in the amphoteric 
nature of iodine. There is some evidence to show 
that the symmetrical ionic structures Hal*.Hal™ ; 
Hal~.Halt may .contribute more to the actual 
normal state of the halogen bond, especially in 
bromine, and still more in iodine, than has been 
commonly supposed. Moreover, since the univalent 
positive iodine ion contains an unoccupied 5p orbital 
in the free state, the proximity of an electron-donor, 
for example, an oxygen, sulphur or basic nitrogen 
compound, would stabilize one of the ionic structures 
and thus destroy the electrical symmetry of such an 
iodine molecule, bringing about what is, in effect, 
a partial ionization of the iodine, with the positive 
end of the molecule stabilized by co-ordination with 
the donor molecule. The essential difference, there- 
fore, between a violet solution and a brown one is 
that whereas in the former the iodine is present as 
symmetrical non-polar diatornic molecules, in the 
latter the iodine molecules are polarized by co- 
ordination with an electron donor molecule. 

That it is principally the electron-donor character 
of the solvent and not its dipolar character which is 
operative is shown by the fact that iodine forms 
brown solutions in very weakly polar solvents which 
have some donor character, but violet solutions in 
such strongly polar solvents as nitro-compounds, 
which have little or no donor or ‘basic’ properties. 

This theory is supported by the magnitude of the 
dielectric polarization of iodine in violet and brown 
solutions respectively. A new series of measurements 
has been made, and is being extended, of the di- 
electric polarization of iodine in a number of solvents 
of small or zero polarity and in the presence of elec- 
tron-donor groups. The results, details of which will 
be published in due course, leave no doubt that the 
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formation of a red or brown solution of iodine is 
accompanied by a polarization of the molecule. For 
example (to the nearest 0-1 D), the apparent dipole 
moment of iodine in benzene (reddish-violet solution 
at 25°) is 0-6D, in p-xylene (deeper red), 0-9 D, 
in 1 : 4-dioxane (brown), 1-3 D, and in di-isobutylene 
(red-brown solution), 1-5 D. 

No less interesting, however, than this solvolytic 
ionization of iodine itself is the light which it throws 
on the donor or basic properties of aromatic and 
ethylenic hydrocarbons. 

A similar explanation to that offered above may 
without doubt serve also to account for the parallel 
phenomena of the dichroism observed in solutions 
of iodine monochloride and iodine monobromide?:*. 

F. FaAIRBROTHER 

Department of Chemistry, 

University, 
Manchester 13. 
May 20. 
* Lachmann, J. Amer. Chem. Soc., 25, 50 (1903). 
* Gillam and Morton, Proc. Roy. Soc., A, 182, 152 (1931). 
* Gillam, Trans. Farad. Soc., 2), 1132 (1933). 


Partition Chromatography of Organic Acids 
on a Paper Sheet Support 


By so-called ‘one-dimension partition chromato- 
graphy’ on a paper support (first used successfully 
by Consden, Gordon and Martin' for the separation 
of amino-acids, and recently adapted by Partridge* 
for the separation of reducing sugars), we have 
succeeded in separating the individual members of a 
mixture of carboxylic acids of the types commonly 
occurring in plant tissues. 

Attempts to exploit this sort of procedure, with 
water as the fixed phase in the paper and a neutral 
mobile phase (n-butanol), were unsuccessful for the 
following reasons. (a) From the positions at which 
the ‘spots’ of aqueous solutions of the individual acids 
were applied to the paper, the acids left long, diffuse 
‘tails’ behind the ‘heads’ as the heads travelled down 
the paper with the mobile phase; and, moreover, 
(6b) the excursions of the heads were found to vary 
with the concentrations of the acids, being less at 
the lower concentrations. The diffuse tails made it 
impossible to separate the members of a mixture, 
and the variation of excursion with concentration 
precluded the possibility of identifying an acid by 
the excursion of its head relative to the excursion of 
the mobile phase. 

Under the above conditions of experimentation, it 
is possible that the acids are adsorbed to some extent 
by the paper. Be that as it may, a serious difficulty 
must, in any event, arise from the increase in dilution 
of an acid in the neighbourhood of the initial spot 
as it is withdrawn therefrom into the mobile phase for 
transmission down the paper. From consideration of 
the dielectric constants of water and of n-butanol, 
it is reasonable to suppose that the ‘gross’ partition 
of an acid between the aqueous and the mobile phase 
will change markedly in favour of the aqueous phase 
as dilution proceeds. The diffuse tails and the re- 
duction in extent of excursion with reduced concen- 
tration of the acids in the applied spots are, therefore, 
to be expected, even if adsorption of the acids by 
the paper is not an important factor. 

One method of overcoming the difficulty is to use, 
as mobile phase, a solvent strongly acidified with a 
volatile acid. The mobile phase (we have used 
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n-butanol saturated with aqueous acetic acid solu- 
tion, and containing 1 or 2 moles of acetic acid per 
litre of the phase) may be removed afterwards, 
together with much of the aqueous phase, by exposing 
the paper sheets to the air for many hours or by 
drawing over them in a drying cabinet a current of 
warm air (up to 60° C.) for an hour or so. We prefer 
to remove most of the volatile material by a brief run 
in the cabinet, and complete the removal by exposing 
the sheets to air at room temperature for several 
hours. 

We spray the dried sheets with a suitable pH 
indicator solution and then re-dry them. A solution 
of 40 mgm. of brom-phenol-blue (or of brom-cresol- 
green) in a mixture of 95 ml. of ethanol and 5 ml. 
of water and adjusted to a purple tint corresponding 
with pH 5-0 in water (or blue with the second 
indicator,| corresponding with pH 5-5 in water) is 
satisfactory for most purposes. The positions of the 
individual acids are then revealed by yellow spots 
on a purplish-blue (or greenish-blue with the second 
indicator) ground. 

The spots have slight tails but are reasonably well 
defined. The Ry values (that is, the ratios of the 
excursions of the spots from the initial positions, to 
that of the front of the mobile phase from the same 
positions) appear to decrease slightly with decrease 
of concentration of the acids. 

By excising the areas of paper enclosing the spots, 
steeping in water and titrating with dilute alkali 
between selected pH values, we have obtained rough 
estimates of the quantities of the acids in the solutions 
initially applied. Blanks are determined on excised 
areas of paper (over which the mobile phase has run) 
which are free from the spots. 

The aqueous phase is established in the paper by 
exposing it in the chromatography tank to vapour 
from the aqueous volatile acid solution which has 
been used to saturate the mobile phase. The mobile 
phase is run over the paper from a trough in the 
manner described by Consden, Gordon and Martin’ 
(that is, by capillarity). We have used Whatman 
No. 1 filter papers (22 in. x 18 in.). The volumes of 
acid solutions applied as initial spots have been 
0-02 ml. Mixtures of 20 ugm., each of malic, tar- 
taric and citric acids, have been resolved with ease. 
The period of a chromatographic run has varied from 
18 to 40 hours, at about 17° C. 

In our view, the essential chromatography problem 
was to suppress the ionizations of the acids in both 
phases, particularly in the fixed phase wherein (water 
comprising most of the phase) they would be exten- 
sive at low concentrations in the absence of a high 
concentration of hydrogen ions from another source. 
Whether adsorption of the acids by the paper con- 
stituted a serious problem in our initial experiments, 
we do not know. This problem, to whatever extent 
it may have existed, was probably solved jointly 
with the ionization problem, at least to the present 
state of satisfaction, by ‘swamping’ with the volatile 
acid. 

A limitation to this application of partition 
chromatography is imposed by the fact that the acids 
concerned in the study should be of sufficiently low 
volatility to remain on the paper during exposure 
in the chromatography tank and during the sub- 
sequent removal of the volatile acid. 

Work is proceeding with organic acids of general 
interest in plant and animal metabolism, on the use 
of other mobile phase solvents and formic acid as 
the volatile acid, and on ‘two-dimension’ partition- 
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chromatographic’ separations. It is our intention 
to publish a more detailed report of the work later. 
J. W. H. Luace 


Dept. of Biochemistry, 
B. T. OvVERELL 
Dept. of Botany, 
University of Melbourne. 
April 19. 
+ Consden, Gordon and Martin, Biochem. J., 38, 224 (1044). 
* Partridge, Nature, 158, 270 (1946). 


Mercurochrome as an Indicator in Acid- 
Alkali Titrations 

Ir has been found that, in an alkaline solution, 
mercurochrome (disodium-dibromo-hydroxy mercury 
fluorescein) exhibits fluorescence which disappears as 
soon as the solution reaches the neutralization point 
during its titration with an acid. It then becomes 
markedly red as the solution becomes acid, there 
being now no fluorescence. 

This change was equally clearly marked in the case 
of natural waters even with low alkalinity, and the 
results were identical with those obtained when 
methyl orange was used as an indicator. When 
solutions of potassium hydroxide, sodium carbonate 
or sodium bicarbonate were titrated against a stand- 
ard acid, the use of mercurochrome as an indicator 
gave exactly the same results as methyl orange. 

Even when the titration of sodium carbonate with 
an acid was begun with phenolphthalein as an 
indicator and completed with mercurochrome, instead 
of methyl orange, the results were the same. 

The same change in the reverse order was observed 
with equal exactness while passing from an acid 
solution, through the neutralization point to alkaline 
solution. 

One drop of a 1 per cent aqueous solution of 
mercurochrome was employed throughout. 

J. 


W. Arman 
Public Health Laboratories, 
Kolhapur, Kolhapur State. 
March 1. 


AjNew Colour Reaction for the D Vitamins 
Waite making a comparative study of the colour 


reaction of steroids and tri es, we have found 
a hitherto undescribed reaction produced by the D 
vitamins, producing a clear and limpid blue colour 
which we think might be used for quantitative 
estimations. We carry out Pettenkofer’s reaction for 
the biliary acids as follows: to 1-2 mgm. calciferol 
is added 1-2 mgm. saccharose, and the whole is 
dissolved completely in 1-2 c.c. of absolute ethanol. 
Then we add two drops of concentrated sulphuric 
acid, giving a red colour ; then six drops of sulphuric 
acid are added, giving a stark blue colour. The test- 
tube is shaken to mix the two layers. The colour 
diffuses throughout the liquid, and the definitive 
colour is a pale limpid blue. 

The intensity of the colour increases within the 
first fifteen minutes ; thereafter it becomes stabilized 
as a sky-blue colour. The coloration obtained seems 
to be in a direct relation to the concentration, that 
is, according to Beer’s law. 

Ergosterin in similar conditions gives a clear violet 
colour. 

V. VintaR Parast 
Seccién de Bioquimica, 
Instituto Espafiol de Fisiologia y Bioquimica, 
Madrid. 
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An Improved Biuret Reaction of Proteins and 
the Two-Standard Colorimetry 


MEHL announced in 19451 that by the use of 
ethylene glycol an alkaline copper reagent could be 
pre pared in which copper, besides not being pre- 
cipitated, could give the biuret reaction. At the high 
proportion in which glycol enters into Mehl’s reagent, 
the presence of reducing impurities made it necessary 
to prepare the reagent in two stages, heating in order 
to speed up the reaction, and filtering in order to 
remove the precipitated copper. Nevertheless, the 
presence of the colour of the alkaline copper reagent 
causes the reaction to depart considerably from Beer’s 
law; Mehl deduces from a_ spectrophotometric 
analysis that, starting from the 750 my and 545 mu 
absorptions, the quantity of proteins present can be 
approximately calculated. 

We have found that glycerine gives a better re- 
agent for the biuret reaction than glycol, for the 
following reasons: the glycerine required is only a 
hundredth of the amount of glycol and there are no 
reducing impurities, thus making it possible to pre- 
pare the reagent in one stage. 

This reagent is prepared by mixing 2 ml. of 
glycerin, 80 ml. of 5 per cent copper sulphate 
(CuSO,.5H,O) and 400 ml. of 20 per cent sodium 
hydroxide, and adding water up to 1 litre. This 
reagent is mixed, volume for volume, with the liquid 
under investigation (water being added if it is 
necessary in order to bring the final concentration 
of proteins to the value of about 1-—2°/,,). 

As regards the colorimetric valuation, we have 
found that it is possible by visually compared colori- 
metry using our two-standard colorimetry system? ; 
although theoretically it should not be possible, as it 
is an ‘impurity’ which varies according to the in- 
tensity of the reaction. It is interesting to note that 
the interference pf sodium sulphite at half the con- 
centration corresponding to the precipitation of 
globulins can also be removed by two-standard 
colorimetry. 
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The accompanying graph records two sets of 
experimental data giving serum proteins as parts per 
thousand of serum (the final concentration of the same 
being about 2 per cent). The slight deviations from 
the straight lines which represent particular cases in 
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our general equation of compared colorimetry* do not 
prevent the practical determination of serum pro- 
teins. The increased deflexion caused by the sulphite 
comes fully into the field of utility of two-standard 
colorimetry. 
A. Sos 
Instituto de Fisiologfa, 
Facultad de Medicina, 
Barcelona. 
April 18. 
Mehl, J. W., J. Biol. Chem., 157, 173 (1945). 
* Sols, A., R. esp. Fisiol., 1, 355 (1945). 
* Sols, A., An. Fis. Quim., 42, 855 (1946). 


A Space-Charge Lens for the Focusing of 
lon Beams 


Some time ago I proposed a magnetron of special 
design as a divergent lens for electron beams‘. It 
now appears that the same device may become useful 
as a very powerful concentrating lens for positive 
ions, particularly for ion beams of extreme energy. 
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MAGNETRON LENS FOR ION BEAMS 








In the design shown in the illustration, a magnetic 
field is produced by two coils of uneven length, in 
opposition. A hot cathode in the form of a circular 
loop is arranged at or near the magnetic field-line 
which crosses the axis. This arrangement is necessary, 
as electrons which have to cross magnetic flux lines 
are prevented by their angular momentum from 
reaching the axis. In the region where the magnetic 
field is approximately axial and homogeneous, a 
cylindrical electrode, the ‘anode’, is arranged, with 
high positive potential with respect to the cathode. 
So long as the anode potential is below a certain 
critical value, the magnetic field prevents all but a 
small fraction of the electrons from reaching the 
anode. At the two ends, guard electrodes with 
potentials somewhat below the cathode potential 
prevent the electrons from escaping. Thus the space 
accessible to electrons is limited from all sides, and 
will have an outline approximately as shown in the 
figure. Into this space the cathode will pour elec- 
trons, until the potential in the axis is depressed to 
very nearly cathode potential, and equilibrium is 
established. 

According to the theories of Hull? and Brillouin’, 
in the steady state the electrons rotate around the 
axis in equilibrium orbits, such that the electrostatic 
repulsion of the electrons inside the orbit together 
with the centrifugal force balance the radial Lorentz 
force produced by the magnetic field. The electron 
distribution in the cloud is uniform, with a space- 
charge density 


eH? 





(1) 


8xm ec?’ 
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where — e is the charge and m, the rest mass of the 
electron. I have shown! that if the assumption of 
equilibrium orbits is valid, an electron shot axially 
through the magnetron will be also in radial equili- 
brium, that is to say, the lens effect is nil, apart from 
a relativistic effect. My previous suggestion, to use 
the magnetron as a divergent electron lens, was based 
on departures from the Hull—Brillouin steady state. 
Such departures were expected on the basis of my 
statistical theory of the electron cloud‘, in which 
radial equilibrium does not obtain at every instant 
but only over long intervals. It was pointed out at 
that time that neither the Hull—Brillouin theory, nor 
mine, is likely to apply under practical conditions, as 
both neglect electron interaction. But in the case of 
ion beams these differences can be disregarded, and 
equation 1 can be adopted, at least for a first 
orientation. 

The radial forces of magnetic origin on ions of mass 
m; are only a fraction m,/m; of the corresponding 
forces on an electron, and can be neglected compared 
with the radial electrostatic force, produced by the 
space charge, which retains its magnitude and merely 
changes its sign. The electric field intensity Z, at 
the radius r is 

eH? 


E, = 2nrpg = — — r= — 0-044 H*r volt/cm. (2) 
4m,c* 


The field is of the type required for lenses, as it 

increases linearly with the radius. Using the rela- 

tivistic equation for the radial motion, the focal 

length f of a magnetron lens of length L is given by 
+ 1-06 x °V 2 

l l 1-06 x 10°V/M H?, 


= 0-022 —_— 


y*V/M H 3 
12063 x 10°V M V (3) 


where V is the volt-energy of the ion, supposed to be 
single-charged, and M is its molecular weight. 

As an example, consider a lens with H = 500 gauss 
and L = 20 em., which requires about 8,000 amp. 
turns. If the radius of the anode cylinder is 2 cm. the 
critical voltage is 22 kV., and in practice perhaps 
15 kV. may be applied before the anode current 
becomes noticeable. For 100 MeV. protons, that is, 
for M = 1, V = 10°, equation 3 gives a focal length 
of 8-7 metres. By comparison, if the same coil were 
used, by itself, as a concentrating lens for 100 MeV. 
electrons, the focal length would be about 900 metres. 
The advantage is even greater at higher energies, as 
f in the new magnetron lens increases with V, as 
compared with V* for magnetic lenses and V* for 
electrostatic ‘single’ lenses. The only other lens 
types which share this advantage with the magnetron 
lens are the ‘field lens’ of L. W. Alvarez, in which the 
electric field terminates on a metal foil, its equivalent, 
recently investigated by me‘, in which the foil is 
replaced by a mesh grid, and the magnetic toroidal 
lens, recently proposed by W. T. Harris*. 

I thank the directors of the British Thomson- 
Houston Co., Ltd., for permission to publish this note. 

D. GaBoR 
Research Laboratory, 
British Thomson-Houston Co., Ltd., 
Rugby. 
April 16. 


' Gabor, D., “The Electron Microseope”’ (Hulton Press, London, 1945). 
* Hull, A. W., Phys. Rev., 23, 112 (1924). 

* Brillouin, L., Phys. Rev., 60, 385 (1941). 

* Gabor, D., Proc. Roy. Soe., A, 183, 436 (1945). 

* Gabor, D., Nature, 158, 303 (1947). 

* Harris, W. T., Phys. Rev., 71, 310 (1947). 
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Gyromagnetic Resonance in Ferrites 


MaGnetic ferrites of great homogeneity have been 
prepared in this Laboratory. In these ferrites tlic 
tangent of the loss angle between B and H is found 
to rise at a certain frequency fairly suddenly from 
values less than 1 per cent to values much exceedirz 
unity. The permeability at the same time goes down 
to very low values, which shows that not only the 
boundary displacements but also rotation of domains 
as a whole are affected at these frequencies. Thie 
behaviour of the complex susceptibility y- = x’ P 
(see graph) suggests a phenomenon of resonance. 
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According to calculations made by L. Landau and 
E. Lifshitz', gyromagnetic resonance may be expected 
to occur in a ferromagnetic dielectric, if the fre- 
quency of the applied field equals the precession 
frequency of the spins around the direction of the 
internal field. In Landau’s model the specimen is 
assumed to be a single crystal and the applied field 
is at right angles to the crystal field. Our experi- 
ments, on the other hand, were carried out on poly- 
crystalline samples. Nevertheless, it is worth while 
comparing Landau’s formule and our experimental 
results. 

Assuming that the precession is critically damped, 
one easily derives from Landau’s equations the follow- 
ing relation between the transverse susceptibility ~,, 
the frequency /;, for which the real part of the 
susceptibility is halved, and the saturation magnet- 
ization Imax: 


he Sn V2 e 

- = —- , —. 4X 10° cycl . Sec. 
sh ae + cycles/Oce. sec 
Evaluation of x,, f, and Imax for the polycrystalline 
sample, the properties of which are shown in the 
graph, leads to 


3-5 x 200 


ts - So caaeatensicin Mt 
400 


Imax 


- 
~1 
or 


x 10* cycles/Oe. sec. 





In our opinion the approximate agreement between 
theory and experiment warrants the conclusion that 
the rapid decrease of u, in ferrites at high frequencies 
is probably due to gyromagnetic resonance around 
directions prescribed by the internal fields. 

J. L. SNOEK 
Natuurkundig Laboratorium 
der N.V. Philips’ Gloeilampenfabrieken, 
Eindhoven. 
March 5. 


* Landau, L., and Lifshitz, E., Phys. Z. Sovj. Union, 8, 153 (1935). 
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Evaporation of Meteors 


THE publication of radar photographs in The 
Times of October 11, 1946, and also in Nature on 
December 28, has brought the question of ionic 
clouds again to the fore. There is no evidence that 
the photographs are of visible meteors. They are 
probably of clouds of electrons at or near the Z-layer, 
usually known as ‘scatter clouds’. Visible meteors 
move. These do not, as was pointed out in the 
note in The Times. (By visible meteors, I mean 
large meteors which would be visible to the naked 
eve if there were no ordinary cloud obstruction.) 
The second photograph in Nature of December 28 is, 
[ think, a secondary effect of a meteor shower. We 
have, in fact, a photographic record takorn. on Novem- 
ber 15, 1937, showing occasions on which visible 
meteors have produced no scatter cloud for longish 
wave-lengths between 32-35 and 16-13 metres. The 
picture in The Times may be of scatter clouds pro- 
duced by invisible meteors evaporating ; but it should 
be noted that meteors are by no means the only cause 
of seatter clouds, which may equally well be produced 
before Dellinger ‘fades’. We have considerable 
evidence of this. 

The second T'imes photograph may be considered as 
evidence of an invisible meteor shower. But with 
regard to the increase in this photograph, taken at 
3.40-3.50 a.m., in comparison with the first photo- 
graph, taken at 9.15-9.25 p.m. on the previous day, 
it has been shown that there is always a peak of about 
three to six to one at about this time, whether there 
is a meteor shower in progress or not. 

A theory which will account for all the effects is as 
follows: it is supposed that scatter clouds can be 
produced by small meteors evaporating. (If they 
are small enough, they do evaporate at great heights. 
The larger they are, the lower the height at which 
they will evaporate.) The amount of energy supplied 
is proportional to the area swept out by the meteor. 
The amount of energy required to evaporate it 
completely is proportional to its volume. Thus there 
must be a size at and below which the energy 
supplied ig greater than that required, and small 
enough meteors will evaporate, producing scatter 


clouds. It is probably. these scatter clouds which 
The Times photograph shows, and not visible 
meteors. 


The fundamental idea which makes a complete un- 
derstanding possible is published in “‘Studies in Radio 
Transmission’’', It is this: that there is a very close 
analogy between the scattering of radio waves from 
scatter clouds and the scattering of alpha particles 
from heavy molecules. This leads to the Rutherford 
fourth-power law. The ratio of the scattered to the 
primary signal £/Z, for a constant number of particles 
is proportional to (A/a)*, where a is the radius of the 
cloud. It is thus only the small clouds which scatter 
effectively, and not the big clouds. The big clouds 
are visible meteor trails. The small clouds are the 
evaporating invisible meteors, and it is these that we 
see in the radar photograph. The fourth-power law 
for 4 has been checked experimentally and theoretic- 
ally, and I think there is no doubt about this. 
According to this explanation, the whole of the 
results are intelligible. 

T. L. EckERSLEY 

Weatheroak, 

Danbury, 
Essex. 


1 J. Inst. Elect. Eng., 71, 405 (1932). 
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Chromatic Correction of Wide-Aperture 
Catadioptric Systems 


In the Schmidt camera system, where the spherical 
aberration of a mirror for a selected wave-length of 
light may be completely corrected by a suitably 
figured plate at the centre of curvature, there re- 
mains a chromatic variation of spherical aberration 
which sets a limit to the performance on the axis 
and for small angles of field, and which, for large 
relative apertures, becomes undesirably large. The 
effect is commonly reduced by introducing first-order 
axial chromatic aberration by using a corrector plate 
in the form of a figured lens of finite power instead 
of a figured plane parallel plate, the form in which 
the axial and marginal thicknesses are equal being 
not far removed from the optimum. Fig. 1 shows 
the departures (measured in d wave-lengths per 
25 mm. of focal length) of the C and g emergent 
wave-fronts from the spherical d wave-front for a 
Schmidt system of relative aperture f/0-7, using for 
the corrector plate a borosilicate crown glass, nq = 
1-516, V = 64-1, the maximum aberration for g 
being 1-5 wave-lengths when the marginal and inter- 
mediate zonal errors are equalized. The chromatic 
difference of spherical aberration is, of course, of the 
sign corresponding to an increase of glass-path with 
increasing aperture. 
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ABERRATION OF THE EMERGENT WAVE-FRONTS FOR C AND g PER 


INCH OF FOCAL LENGTH WITH RESPECT TO THE SPHERICAL WAVE- 
FRONT FOR f/0-7 SYSTEMS 


In the systems in which one or more spherical- 
surfaced meniscus lenses are used to correct the mirror 
aberration'»*, the chromatic difference of spherical 
aberration is of similar magnitude to that of Schmidt 
systems, but of opposite sign, since the paraxially 
achromatic meniscus has an effective glass-thickness 
decreasing with aperture; this is normally mini- 
mized by introducing first-order axial colour of 
opposite sign to that used in Schmidt systems, result- 
ing in curves practically identical with those in Fig. 1 
but in the reverse sense. This fact, which does not 
appear to have been noted hitherto, obviously offers 
the possibility of a very considerable reduction of the 
residual chromatic aberrations by a combination of 
the two forms of corrector. 

Preliminary calculation of an f/0-7 system consist- 
ing of two menisci concave to, and on each side of, 
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the mirror centre with a figured aspheric corrector 
plate between them shows that the colour errors may 
readily be reduced to one twentieth of that of either 
the Schmidt or two-meniscus systems; the corre- 
sponding curves for C and g are shown in Fig. 2, on 
a scale ten times that of Fig. 1. Such a iens has 
much thinner menisci than are necessary in the two- 
meniscus systems previously described*. The mono- 
chromatic oblique aberrations are, of course, not so 
good, though better than in the corresponding 
Schmidt, since the figuring on the plate is only about 
two thirds as great. For small angles of field this 
type of system would appear to offer pronounced 
advantages where very large apertures and consider- 
able focal lengths are required. 

Further investigation is in progress and a fuller 
account may be published later. 

C. G. WYNNE 
Wray (Optical Works), Ltd., 
Ashgrove Road, 
Bromley, Kent. 
* Maksutov, D. D., J. Opt. Soc. Amer., 34, 270 (1944); Nature, 155, 
798 (1045). 

*Wynne C. G., Nature, 155, 583 (1946). 


Speed Around the Initiating Point of the 
Detonation Wave in High Explosives 


Ly a recent communication’, Weibull describes an 
interesting experimental technique and discusses the 
establishment of detonation in charges of compressed 
T.N.T., initiated by a No. 8 compound detonator ; 
it would seem, however, that a general conclusion is 
drawn from these experiments, one which is not 
justified by their scope. 

The conclusion, that there is no pre-detonation 
phase, applies only in special cases, and it does not 
accord with general experience either with solid 
explosives or with gaseous mixtures in which detona- 
tion is possible. The initiation of detonation in a 
charge of explosive is controlled by several factors, 
notably the sensitivity of the explosive and the 
strength of the initiating source. The accompanying 
reproduction is a record, taken by C. A. Naylor 


with the Buxton rotating-mirror camera, of the 
inception of detonation in a cylindrical charge, 
1+ in. diameter, of powdered tetryl, of density 


1-10, initiated by means of a No. 6 detonator. This 
initiator was not strong enough to ensure immediate 
detonation, and the pre-detonation phase lasted until 
the explosion had traversed nearly one third of the 
cartridge ; detonation was then set up, the rate 
being 4,680 metres per second. With progressively 
stronger initiators the extent of the pre-detonation 
phase was correspondingly reduced and the rate of 
propagation during this phase was increased, until, 
finally, there was no perceptible delay in the inception 
of detonation. 

Thus, in border-line cases, it might be difficult to 
detect the establishment of detonation, and it is not 
felt that the photographic technique described by 
Weibull could decide this point with certainty, 
especially with high-rate explosives, for the method 
is not capable of the precision necessary for differ- 
entiating between speeds differing by less than 


200-300 metres per second ; the time-scale of photo- 
graphic records of this nature cannot be read to a 
greater accuracy than 0-01 mm., which with a film 
speed of only 100 metres per second (0-1 mm. per 
microsec.) gives rise to an appreciable error when the 
quantity being measured is the difference between 
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the times taken by two wave fronts advancing at 
similar rates (about 6,800 metres per second) to 
travel distances which differ only by 0-3-2 cm. 

Most important, however, is the fact that it is not 
possible to decide whether or not an observed 
‘explosion’ devs!sped under special experimental 
conditions is being; propagated as a true detonation 
wave at the appropriate rate until this rate has been 
actually meaeured for the particular explosive as 
made up and used. For the rate of detonation depends 
on the nature and physical state of the explosive 
and also upon the conditions under which it is fired ; 
for example, with a crystalline explosive like T.N.T., 
the rate depends on the crystal size and on the bulk 
density ; within certain limits it depends also on the 
degree of confinement and on the size of the charge. 
It is possible also that there is a real though small 
difference in the rates of detonation, (1) during the 
initial stage when the wave is spreading spherically 
from the source to the bounding surface of the charge, 
and (2) when the wave is being propagated as a more 
or less plane wave through the remainder of the 
charge. 

Weibull concludes that he is dealing with detona- 
tion only in so much as the velocity deduced from 
his experiments is 7,470 metres per second, a value 
some 700 metres per second higher than that given 
by Stettbacher* as the rate for T.N.T. (at a density 
of 1-62) and which, Weibull suggests, is at fault, 
though he fails to specify the density of his own 
charges. In our wide and varied experiments with 
T.N.T., the maximum rate ever measured over a long 
single cartridge (density 1-62) is nearly 6,950 metres 
per second ; and it is suggested that the higher speed 
inferred by Weibull from his indirect records is due 
to the fact that he applied a technique to the measure- 
ment of phenomena far beyond its limits of ac- 
curacy. 

There remains an old, and not ye* explored, 
suggestion that the velocity of detonation of a 
crystalline explosive might be found to differ along 
different axes of a crystal, In a pellet of compressed 
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T.N.T., where.the small crystals are irregularly dis- 
posed, this factor would not arise. But in a cast 
charge in which the crystal growth was carefully 
controlled, there might be detectable differences de- 
pending upon the orientation of the crystals with 
respett to the direction of propagation of the 
detonation wave. 
W. C. F. SHEPHERD 
Explosives Section, 

Safety in Mines Research Station, 

Buxton. 

April 17. 
' Weibull, Nature, 158, 402 (1947). 
* Stettbacher, “Die Schiess- und Sprengstoffe’’ (1933). 


Structure of Retained Austenite in Plain 
Carbon Steels 


THERE are many indications that retained austenite 
in quenched plain carbon steels should be regarded 
as a face-centred tetragonally distorted structure and 
not face-centred cubic as heretofore. 

The tetragonality is shown either by pronounced 
broadening or distinct separation of the lines, depend- 
ing on the carbon content in solution, that is, the 
amount of austenite. This is shown in the accompany- 
ing intensity curves of lines 200, 220 and 311 (photo- 
meter curves with uncorrected intensity and back- 
ground equal to zero) of retained austenite present 
in quenched samples of steels with 0-75, 0-89 and 
1-20 per cent of carbon. The shapes of these curves 
show that the tetragonality decreases with the in- 
crease of the amount of retained austenite. 
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By quenching iron—carbon alloys from the gamma 
modification the amount of the austenitic pseudo- 
phases, which have been called yG, yS, and y£', can 
be revealed. Since the grain in the above-mentioned 
quenched steels is made up of martensite and austen- 
ite, and since yS produces martensite and yZ 
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austenite, there is a strong ‘linkage’ between the 
two phases due to the sharing of iron atoms in the 
interfaces by both the austenite and the martensite. 

The presence of martensite and austenite in phases 
differing in structure and parameter and _ linked 
closely together causes a tetragonal distortion of each 
with respect to the other. Martensite is tetragonally 
distorted in such a way that c/a > 1, whereas in 
distorted austenite c/a < 1. In the above-mentioned 
steels (0-75, 0-89 and 1-20 per cent of carbon), the 
tetragonality of retained austenite could as a first 
approximation be estimated as 0-9945, 0-9960 and 
0-9975 respectively. 

Further investigation is in progress, and it is hoped 
that more detailed discussion of some of the questions 
which emerge from the above finding will be published 
in due course. 

W. J. Wrazes 
Metallurgy Department, 
Imperial College of Science and Technology, 
London, 8.W.7. 


 Wrazej, W. J., Nature, 158, 308 (1946). 


Flow of Smoke through Hole in Resonant 
Cavity 


Pror. G. D. West' has used a smoke-filled cavity 
as a resonator and noted the stream of smoke issuing 
from a hole near the base; radiation pressure was 
suggested as a possible cause. In an alternative 
explanation’, Prof: E. N. da C. Andrade suggests 
that air is simply expelled during one half-cycle in a 
definite smoke-laden stream, and is drawn in during 
the next half-cycle, air being sucked in from all sides. 

The matter can readily be settled by reversing 
Prof. West's experiment. According to Prof. 
Andrade’s explanation, smoke outside the resonator 
should appear to stream in just as readily as it 
streamed out in the original experiment. This has 
been done, and the effect has been found to be 
reversible. 

A variation of Prof. West’s experiment was made 
as follows: A length of 2 in. diameter transparent 
‘Plexiglass’ tubing was made to resonate as a ‘closed 
pipe’ at its first overtone (the length of the pipe 
thus being three quarters of the fundamental wave- 
length). The system was driven by a moving-coil 
speaker mounted at the open end of the pipe and 
connected to an electronic oscillator operating at 
500 cycles. Pinholes were drilled in the pipe at the 
two pressure antinodes and at the pressure node 
between them. When the tube was filled with smoke 
and the driving source switched on, it was observed 
that smoke rushed from the pinholes at the antinodes 
but did not issue from the node if this pinhole was 
carefully located. 

The reverse experiment was then carried out. The 
tube was cleared of smoke and was made a resonator 
as before. A short piece of similar tubing was filled 
with smoke and fitted tightly to the first tube over 
each of the pinholes in turn, using ‘Plasticine’ to seal 
the connexion. Smoke was observed to rush into the 
resonating tube at both pressure antinodes. 

F. W. Srmwpson 

National Research Council, 

Ottawa. 
March 13. 


* Nature, 158, 755 (1946). 
* Nature, 159, 132 (1947). 
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Antagonistic Effect by Certain Growth- 

Stimulants of the Tuberculostatic Activity 

of 5-Amino-2-butoxypyridine 

THe powerful inhibitory action of 5-amino-2- 
butoxypyridine on the growth of Mycobacteria, which 
is highly specific for members of that genus, has 
recently been reported':*. Strains of M. tuberculosis 
(including the human- -type H37Rv) and M. phlei were 
inhibited at dilutions of this compound so high as 
0-03-0-001 mgm. per cent in Dorset’s synthetic or in 
Proskauer—Beck medium, inoculation being either on 
the surface by a small piece of pellicle or by a suspeh- 
sion of about 20,000 orzanisms per ml. 

As we had immediate access to the compound, in 
the form of the dihydrochloride, we have sought 
independent confirmation of these remarkable obser- 
vations. We have used H37Rv (from the American 
depot at Trudeau Sanatorium, Saranac Lake) and a 
bovine-type strain SB (from Mr. R. E. Glover) as 
examples of M. tuberculosis, as well as a laboratory 
strain (P) of M. phlei. Growth was completely or almost 
completely inhibited at drug concentrations of less than 
0-1 mgm. per cent under the following conditions : 

(i) Surface culture of H37Rv in Proskauer—Beck 
medium, and of P in digest broth and in a modifica- 
tion of the synthetic basal medium of Dubos* (Difco 
Casamino acid, 2-5 gm.; asparagine, 0-3 gm. ; 
anhydrous Na,HPO,, 2-5 gm.; KH,PO,, 1-0 gm. ; 
sodium citrate, 1-5 gm.; MgSO,, 7H,O, 0-6 gm. ; 
glycerol, 25 ml.; distilled water to 11.) ; 

(ii) Sub-surface culture of H37Rv, SB and P in the 
synthetic basal medium, and of H37Rv in Proskauer— 
Beck medium, the inoculum being 0-04 mgm. moist 
weight of bacilli per 5 ml. medium in a 25 mm. 
diameter test-tube ; M. tuberculosis surface cultures 
were read at 30 days, and sub-surface cultures at 
14 days; M. phlei surface and sub-surface cultures 
were read at 4 days. In these findings we are in 
agreement with the American workers. 

Addition of 0-25 per cent serum albumin (bovine 
plasma fraction V) to the Proskauer-Beck medium 
and to the broth had no apparent effect on the 
marked inhibition of growth of surface-cultured 
H37Rv and P, respectively. Such addition to the 
synthetic basal medium carrying a surface transplant 
of P resulted in some delayed surface growth in the 
higher dilutions of the compound where there had been 
complete inhibition in the absence of albumin, and, 
moreover, growth was noted in the depth of the medium 
even at a drug concentration of 20 mgm. per cent. 

The conditions governing the bacteriostatic activity 
of aminobutoxypyridine in sub-surface culture were, 
therefore, examined more closely. It was found that, 
in sub-surface culture, its inhibitory effect against 
H37Rv, SB and P in the synthetic basal medium was 
considerably reduced by the addition of albumin, 
substantial granular growth, or diffuse growth in the 
case of P, being evident at the highest drug concen- 
tration tested (10 mgm. per cent). This antagonistic 
effect is not specific to albumin, since a similar result 
was obtained if the latter was replaced by the non- 
ionic synthetic detergent ‘Tween 80’ (a polyoxyethyl- 
ene derivative of sorbitan mono-oleate) at 0-05 per 
cent ; this product is known for its marked stimulating 
and dispersing effect on the growth of Mycobacteria’. 
The simultaneous addition of albumin and “Tween 80’ 
led to total, or almost total, abolition of inhibition of 
the three strains over the range of drug concentration 
tested (10—-0-1 mgm. per cent), profuse diffuse growth 
occurring at 10 mgm. per cent. To test the possibility 
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that some constituent of the synthetic basal medium 
might be a factor, these experiments were repeate: 
with H37Rv in the Proskauer-Beck medium; th: 
bacteriostatic effect shown in the medium alone ove 
the range of drug concentrations, 10-0-1 mgm. pe 
cent, was totally abolished by the addition either « 

albumin, or of “Tween 80’, or of both. Finally, th 
effect of reducing the inoculum was examined ; wit 

1/100 the usual inoculum of H37Rv and 1/1,000 tha 
of P, the inhibition previously observed was eviden 
in the synthetic basal medium, but definite growt! 
was again noted in the tubes containing albumin, « 

albumin and “Tween 80’, and the drug at a concen 
tration of 10 mgm. per cent. 

Certain factors or combinations of factors car 
therefore, antagonize to a marked degree the inhibi 
tory effect of aminobutoxypyridine on the growth o' 
Mycobacteria. This antagonism can be observed in 
sub-surface culture when carried out in the presenc: 
of serum albumin or of certain growth-stimulating 
lipids. The antagonistic effect of serum albumin was 
surprising in view of the fact that Feinstone’ has 
stated that the tuberculostatic activity of the drug 
was not antagonized by up to 25 per cent of whole 
blood or serum. The present findings have an unfav- 
ourable bearing on the possibility of this substance 
proving a useful chemotherapeutic agent. It should 
be added that both streptomycin and licheniformin 
show clear inhibitory end-points under the conditions 
of sub-surface culture in the Dubos albumin—“Tween 
80°’ medium described here. 

H. S. Forrest 
P. D’Arcy Hart 
JaMes WALKER 
National Institute for Medical Research, 
Hampstead, London, N.W.3. April 23. 
* Feinstone, W. H., Proc. Soc. Exp. Biol., N.Y ., 68, 153 (1946). 
* Feinstone, W. H., Friedman, H. L., Rothlauf, M. V., Kelly, A. M., 
and Williams, 'R. D., J. Pharmacol., 89, 153 (947). 
* Dubos, R. J., and Davis, B. D., J. Exp. Med., 83, 409 (1946). 


Sex Reversal in Patella coerulea L. and 
Diodora gibberula (Lam.) 


CREWE!’ has recently discussed the possible influence 
of helminth parasites on sex determination in limpets. 
Following the earlier observations of Orton’, I have 
been studying the problem of sexuality in the 
Mediterranean limpet Patella coerulea L., both 
statistically and histologically. In contrast to the 
conditions in Patella vulgata, no larval Trematodes 
have been observed in several thousands of P. 
coerulea which’ I have examined. These parasites 
must therefore be at most extremely rare in the present 
populations of Patella in the Bay of Naples. 

My statistical observations with P. coerulea, 
represented graphically in the appended diagram, 
show the sex proportions in different size-classes in 
the months November, January and March. The 
total numbers examined are given: fuller numerical 
details will be published elsewhere. 

The data available permit the following conclusions 
to be drawn : (a) most individuals of P. coerulea under- 
go sex inversion from the male to the female phase 
as they grow older; (6) a small proportion seem to 
be determined as females from the beginning of 
sexual differentiation ; (c) a small proportion remain 
as males throughout life; (d) sex inversion may 
occur in any size class; (e) the rate of sex inversion 
does not keep pace with the rate of increase; this 
fact is made evident by the shift in the point of 
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Relation of Total Soluble Solids in the Cell 

Sap of Sesamum Species to the Degree of 

Susceptibility and Resistance to Antigastra 
(Lepidoptera—Pyralidz) Attack 


Ir has been found that Sesamum orientale L., which 
is grown widely in India as an oil-seed crop, is very 
susceptible to Antigastra catalaunalis Dup. (Pyralidz) 
caterpillar attack, and also to phyllody or ‘Green 
flower disease’, believed to be caused by a virus. 
There also occurs in India a wild species of Sesamum 
prostrate in habit which, according to Ramanujam’*, 
is resistant to both Antigastra and virus attack. In 
order to evolve pest- and digease-resistant strains of 
cultivated Sesamum, crosses were attempted between 

S. orientale (I.P.6) and S. pros- 
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ntersection of the curves for males and females from 
ower to higher size-classes durin; these months. 

Histological evidence is fully in support of these 
‘onclusions. Sex inversion can de observed: young 
cytes can be found in gonads which are pre- 
jominantly male (Fig. 1). A few young individuals 
how female gonads with no trace of a preceding 
a1ale phase. Gonads in the state of inversion are 
ound in individuals of various size-classes. Sex in- 
ersion generally occurs immediately after the 
pawning of the male products. This accounts for 
he different rates of sex inversion and increase in 
ize during the breeding season. Furthermore, histo- 
ogical examinations show that the gonads of P. 
erulea have no distinct male and female territories. 
he morphologically hermaphroditic stage is of very 
iort duration. 

Analogous conditions have also been found to 
btain in another prin.itive prosobranch, Diodora 
ibberula (Lam.). 

Sex inversion in P. coerulea at Naples, in the 
bsence of trematode parasites, leads one to suppose 
hat the presence of trematode parasites in P. vulgata 
may only accelerate the normal process of inversion. 
G. Bacct 














Zoological Station, Naples. 
April 17. 
Crewe, W., Nature, 159, 238 (1947). 


Orton, J. H., J. Mar. Biol. Assoc., 15, 852 (1928) ; 
173 (1946). 


Nature, 158, 





| characters, but showed, accord- 
4 ing to the author, greater 
f resistance to the pest and to 
phyllody than the cultivated 
species. 
™ Under laboratory conditions, 
an attempt was made to dis- 
~ cover the degree of food prefer- 
} ence of Antigastra for the three 
different species of Sesamum ; 
it was found that under ident- 
ical conditions they prefer S. 
orientale and S. indicatum. 
| The laboratory observations 
thus support the field observa- 
tions. 
While it 
that the 


is almost certain 
resistance of cer- 
tain varieties or species is 
dependent upon the absence 
of some chemical groups attractive to insects which 
infest them, others are resistant because of the 
existence of substances that might have a repellent 
action. Yamasaki and Arikado* determined the Brix 
value of varieties of sugar-cane susceptible, and of 
those resistant, to the attack of white louse Cerato- 
vacuna (oregma) lanigera Z., and concluded that there 
probably exists a minimum critical point in the Brix 
value for attracting the white louse, which according 
to them was 4-5 (Ref. Brix). In the absence of any 
definite external physical characteristic in the plants 
affecting such resistance or susceptibility, an attempt 
was made to determine the relationship, if any, of the 
total soluble solids present in the three different 
species of Sesamum with their susceptibility or 
resistance to Antigastra attack, and the following 
results were obtained : 
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| | Brix value of leaf (Abbe 
} Species of | extract refractometer) Resistant or 
plants (— - susceptible 
Range Mean | 
Sesamum orientale ‘ r rere Pos 
(Cultivated species) | 2°344-1-346 | 1-345 | Susceptible 
| ee ee = ae ures 
Sesamum indicatum 2921.4 as 9 
(Hybrid species) 1 -338-1-340 1-339 Susceptible 
| Sesamum prostratum | 1 .351-1-352 | 1-361 | Resistant | 


(Wild species) | 
} 
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The above results indicate to a certain extent that 
when the Brix readings of the cell-sap is between 
1-338 and 1-346, the species concerned are likely to 
remain susceptible; and when the readings were 
1-351 or above, the species were less susceptible or 
resistant. It is thus likely that the presence of excess 
soluble solids in the cell-sap of the leaves of the wild 
species of Sesamum renders it less liable to Antigastra 
attack. Further work on these lines is in progress. 

S. MUKHERJI 
Division of Entomology, 
Indian Agricultural Research Institute, 
New Delhi. 
Ramanujam, S., Curr. Sci., 11, 426 (1942). 
* Ramanujam, 8., Curr. Sei.. 13, 40 (1944). 


* Yamasaki, M., and Arikado, H., Proc. 6th Int. Soc. Sugar Cane Tech., 
475 (1938). 


Occurrence of Botrytis Fabz Sardina in 
England 


THe Chocolate Spot disease of broad and field 
beans is well known and widespread throughout 
Great Britain, and causes considerable loss of crop 
when there is high humidity and much rain at the 
time of flowering. The cause of the disease, in the 
eastern counties at least, was shown by A. R. 
Wilson’, in 1937, to be the common fungus Botrytis 
cinerea Fr. He proved, however, that similar symp- 
toms could be brought about by other Botrytis 
species, such as B. Tulipe Lind. 

We have now shown that in the south-west of 
England, Chocolate Spot is caused mainly by Botrytis 
Fabe Sardiiia. This fungus was described from Spain 
by Sardifia* in 1929, and has been recorded also from 
Morocco, Cyprus, Egypt and China. It is readily 
distinguished from B. cinerea by its larger spores and 
smaller sclerotia. Our identification has been con- 
firmed by Dr. P. H. Gregory. 

L. OGILvie 
M. Munro 
National Agricultural Advisory Service, 
Bracken Hill, 
Leigh Woods, 
Bristol 8. 
May 5. 
Appl. Biol., 24, 258 (1937). 
Hist. nat., 15, 291 (1929). 
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Speciation in Cichlid Fishes of East African 
Lakes 


Pror. C. Kosswic has suggested' that factors 
which may contribute to the high evolutionary 
response of Cichlid fishes to the environments of the 
and 


Great African Lakes are selective mating 
specialized breeding habits, including monogamy at 
least until one brood becomes independent. A 


beginning has been made in the study of a group of 
closely related species in Lake Nyasa, the Tilapia of 
the 7. squamipinnis group**. Before 1939 these 
had been considered as a single species. Slight 
differences in pharyngeal dentition had been observed 
in the larger fishes among a score of specimens in the 
British Museum (Natural History); but these, and 
slight variations in proportions of head and mouth, 
had not been thought sufficient for the recognition 
of more than one species. Field-work during the 
fishery survey of 1939 revealed that there are in 


NATURE 





July 19, 1947 Vol. lé 


Nyasa probably four closely related species, for sore 
of which it is still convenient to uss local names, 
Chambo, Saka, Lidole and 7. karonge (the | al 
nameé of which I do not know). These seem to be ‘he 
Nyasa representatives of the 7’. galilwa group of the 
genus, but all resemble each other much more elo-ely 
than any species outside the Lake. Females and 1) )n. 
breeding males of all are silver-grey with nevrly 
vertical black bars. In Chambo the malé becomes 
pale blue as the testes ripen ; in the other three, ripe 
males are black. The four species (if they are sp: ) 
cannot yet be recognized at all stages, but Lidole «nd 
Chambo can be distinguished from each other a 
total length of 26 cm. and more, and it is to these two 
that the following remarks apply. 

The morphological differences between them are 
that Lidole has a more slender and more feebly 
toothed lower pharyngeal bone, usually a larger head 
and a larger mouth. The essential differences, {hat 
is, those that isolate them from each other, are: 


the breeding male of Lidole is black, that of Chambo 
is pale blue; the female of each shelters the young 
in her mouth, but only Chambo brings them into the 


reed-beds ; Chambo ceases to shelter the young after 
they have reached a total length of 15 mm., Licdole 
continues to shelter them in her mouth up to a 
length of 40 mm. In addition there is evidence 
suggesting that Chambo inhabits a more inshore, 
Lidole a more offshore zone, although these zones 
overlap; and that the mating places are separate, 
that of Lidole being farther from shore than that of 
Chambo. Both species feed mainly on phytoplankton, 
and it would need a very extensive study to establish 
any average difference in the feeding habits. Pre. 
sumably, however, Chambo has more opportunity t 

vary the plankton diet with periphytic Alge or those 
of the bottom film, and the floating matter of th 

inshore water would include coarser organic debris 
than that of offshore water. The slight difference in 
dentition may be associated with these facts. 

If it be assumed that the inshore habit is the more 
primitive, recent events show how the offshore 
habit may have been assumed. Since 1939, the level 
of Nyasa has risen, and in 1945 and 1946, when Miss 
R. Lowe went to Nyasaland to continue the Tilapia 
studies begun by my colleagues and myself in 1939, 
the reed-beds, where it was customary to trap 
Chambo, and near which it was customary to seine 
them in the breeding season, were drowned, and the 
native fishing season was a failure. European fisher- 
men, however, fished in open water with special 
gear and, I understand, caught Lidole, and one of 
the other species. It may have been such a change 
in lake-level that first gave rise to a race of Tilapia 
that managed to do without the reed-beds as nurseries 
for their young, sheltered them in the maternal 
mouth longer in compensation, and kept to the open 
water and a purely planktonic diet. A fall in lake- 
level could provide locally the conditions favourable 
to the evolution of a more inshore form from 4 
specialized lacustrine form. This may perhaps 
account for the presence of the other two species, 
repeated fluctuations resulting in an alternating 
direction of the evolutionary process, with the 
fixation of partially converging forms occupying 
overlapping ecological niches. 

In these species, at least, it is only the female that 
has been found sheltering young in the mouth. The 
evidence points to a separation of the sexes during 
the period when the young are being sheltered. In 
the case of Chambo, males and females were caught 
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in the shore-seines, but the only adults caught in 
traps among reeds were spent females, some with 
young. Of Lidole, from the end of January to the 
ginning of May the inshore methods used caught 
120 (recorded) spent females, some with young, and 
nly four males, none in breeding condition. No 
specimens were recorded with eggs in the mouth, and 
it is possible that until the fry hatch the parents 
may remain together near the ‘nest’. 

The habits of Saka and 7. karonge are still 
undescribed, but Miss Lowe has been studying these 
fishes in the field for eighteen months, and her results 
should advance our understanding of this problem. 

A pair of species paralleling Lidole and Chambo 
was described in Lake Victoria by Graham*-’. 
Morphological and colour differences between these 
are more pronounced. As well as the specific colour, 
there is evidence of breeding isolation in that in one 
gecies the male has the genital papilla elaborated 
into a brightly coloured tassel at breeding time, in 
the other it has not; and that breeding females, or 
gent females with young in the mouth, are trapped 
2 fences across creeks and inlets in the case of one 
gecies, but not the other. Graham® records that the 
fishore species “‘incubates the eggs in her pharynx 
ind no doubt shelters the young”, but of the inshore 
gecies, although females sheltering young in the 
mouth were recorded, none was found with eggs in 
the mouth. 

There is no doubt that the detailed study of the 
specific characters, ethological as well as morpho- 
logical, of the Cichlide of the African lakes offers 
, unique and fruitful field for the student of 
evolution. 

ETHELWYNN TREWAVAS 
British Museum (Natural History), 
London, 8.W.7. 
May 13. 








Koaswig, C., Nature, 159,604 (1947). 
'Trewavas, E., Ann. Mag. Nat. Hist., (11), vii, 204 (1941). 
‘Ricardo Bertram, C. K., Borley, H. J. H.. and Trewavas, E., Report 
on the Fish and Fisheries of Lake Nyasa (1942). 
jraham, M., Ann. Mag. Nat. Hist.. (10), ti, 209 (1928). 
Graham, M., Report on the Fishing Survey of Lake Victoria 1927-28 
(1929). ° 


Copper in Diatoms 


THE communication on this subject in Nature of 
May 10, from Mr. N. I. Hendey', raises a number of 
points which require some comment. 

The reported values of the concentration of copper 
in sea-water vary from 0 to 30 mgm./m.*, and Mr. 
Hendey’s figure of 0-007 mgm./l. (7 mgm./m.’) lies 
within this range. Taking an approximate mean 
value of the copper content of diatoms given by Mr. 
Hendey as 100 ygm./gm. and even assuming they 
contain only 10 per cent dry matter, the concentra- 
tion factor for copper is of the order of 1,400. The 
magnitude of this value in relation to the small 
reported figures for the concentration of copper in 
sea-water would suggest that copper might play an 
important part in the economy of diatom outbursts, 
if this element is a vital constituent of the diatom 
cell and if planktonic forms have copper contents of 
this order. 

However, the diatoms analysed (samples 3-11) 
were taken from Group 1, namely, those living in 
frondose colonies of mucous filaments, and it appears 
possible that the copper was largely contained in the 
embedding mucus. It has been shown repeatedly 
here? that mucous films absorb large quantities of 
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copper from sea-water, when exposed to this element 
either under culture conditions, or even when in 
proximity to raft-exposed anti-fouling compositions 
releasing copper. 

Further, Mr. Hendey suggests that the diatom 
slime film which develops upon underwater surfaces 
may be considered as a potential reservoir of copper, 
and so may play an important part in preventing the 
settlement of other fouling organisms. A consider- 
able amount of evidence has now been accumulated 
which indicates that anti-fouling action is dependent 
upon the rate of loss of poison from the surface ; 
for effective action this rate should exceed a critical 
value*:*. Mr. Hendey does not present any evidence 
which suggests that the copper associated with the 
diatom slimes is capable of release; indeed, the 
reverse is suggested by the implication of his specula- 
tions on the form in which the copper is contained. 

Studies of the fouling settlement which occurs on 
surfaces releasing copper certainly confirm the fact 
that some diatoms are relatively insensitive to this 
poison ; but no evidence has been obtained, in the 
course of many thousands, of assessments of anti- 
fouling compositions, that the slimes associated with 
such diatom settlements can act effectively as anti- 
fouling surfaces. 

If a composition which is capable of maintaining 
an effective leaching-rate for a period is immersed 
in the sea, it usually acquires a covering of diatoms 
(due to their relative insensitivity) ; this settlement 
may persist for some time, during which period the 
diatoms are in contact with a surface at which the 
concentration of copper is far higher than that of sea- 
water. These conditions would therefore seem much 
more favourable for uptake of copper by the diatom 
slime; yet, in our experience, such a slime immedi- 
ately gives place to more sensitive fouling organisms 
once the leaching-rate of the paint drops to a value 
which allows their settlement. 

A cuprous oxide anti-fouling composition contain- 
ing 10 per cent copper (that is, containing 10° ugm. 
gm.), when applied at a normal weight per unit area, 
has a very short anti-fouling life (of the order of 100 
days) and is not easy to formulate so that the copper 
is being most economically used. It would therefore 
be surprising if a diatom slime film containing 164 
ugm. copper per gm., the release of which is a matter 
for speculation, could be more effective than even 
this type of composition. 

It is, of course, possible that the copper contained 
in the diatom slimes is bound in such a way that it 
could only be released when another organism came 
into contact with the slime. Such a condition would 
represent an advance of the first magnitude in the 
search for an effective anti-fouling surface; but we 
suggest that such an action should be sought in a 
surface considerably more stable and permanent than 
a diatom slime. 

H. Barnes 
Marine Biological Station, 
Millport. 
K. A. PYEerince 
British Iron and Steel Research Association, 
Marine Biological Station, 
Millport. 
May 23. 
' Hendey, N. I., Nature, 159, 646 (1947). 
* Mare, M. F., Report N14/43 of the Marine Corrosion Sub-Committee 
(unpublished) (1943). 


* Ketchum, B. H., Ferry, J. D., Redfield, A. C., and Burns, A. E., 
Ind. Eng. Chem., 37, 456 (1945). 


* Harris, J. B., J. Iron and Steel Inst., No. Il, 154, in the press. 
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COMBINATION OF SOME EFFECTS 
OF X-RADIATION AND A 
SYNTHETIC VITAMIN K 
SUBSTITUTE 
By Pror. J. S. MITCHELL and Mas. I. SIMON-REUSS 


Department of Radiotherapeutics, University of Cambridge 


HE present work is part of an investigation to 

try to improve the results of treatment of 
neoplastic diseases by the combination of radio- 
therapy with suitable chemotherapeutic agents. It 
seems reasonable to examine ancillary chemical 
agents likely to modify cellular nucleic acid meta- 
bolism, since there is now considerable evidence! that 
therapeutic doses of X- and gamma-radiations 
inhibit the synthesis of thymonucleic acid in pro- 
liferating normal and malignant cells. 

The compound so far studied in greatest detail is 
a water-soluble synthetic vitamin K_ substitute, 
namely, tetrasodium 2 - methyl - 1 - 4 : naphthohydro- 
quinone diphosphate : 


/ONa 
4 

\—_P=O 

Nona 


It is of interest that Lehmann’ and Lehmann, Liischer 
and Huber’, using T'ubifex eggs, showed that 2-methyl 
naphtho-quinone, the corresponding hydroquinone, 
and a number of related compounds are inhibitors of 
mitosis. 

In the present investigation the effects of the 
synthetic vitamin K substitute followed by small 
doses of X-radiation were observed, using chick 
fibroblasts in tissue cultures. On the basis of these 
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results, and in view of the recognized low toxicity of 
synthetic vitamin K substitute‘, preliminary clinical 
trials, including examination of biopsy specimens, 
were made in the treatment of selected patients with 
advanced malignant tumours, which were not likely 


to respond satisfactorily to conventional radio. 
therapy. The clinical findings will be reported else. 
where; but it must be emphasized that at the 


present stage no therapeutic value is claimed. 
The tissues used for all the culture experiments 
were taken from the choroid and sclerotic of a 10- to 
1l-day-old chick embryo. The cultures were grown 
by the usual hanging-drop technique in a medium of 
equal parts of fowl plasma and of 15 per cent embryo 
extract in saline. Two groups of six cultures of the 
third passage were selected and matched for use # 
experimental material and controls. The synthetic 
vitamin K substitute, or other compound to bk 
tested, was added in solution to the embryo extrac 
to give the required final molar concentration. The 
cultures were fixed in Susa at the times stated and 
stained with Heidenhain’s hematoxylin. The total 
number of mitotic cells in the treated specimens 
were counted and compared with the number in the 
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following concentrations, the total mitotic counts 
observed expressed as a percentage of mitosis in the 
controls were as follows : 


(a) 2-5 10-* M, 82-0+ 4-5 per cent. 
(b) 3 10-* M, 69-3 + 2-3 per cent. 
(c) 4 x 10°* M, 51-6 + 1-0 per cent. 
(dq) 5 x 10°* M, 22-7 + 4-9 per cent. 
(e) 6 x 10-* M, 23-7 4-1 per cent. 
For 3 10-* M initial concentration, the mitotic 


count varied with the time of application, having the 
value after 18 hours, 61-7 + 4:7 per cent; after 
24 hours, 69-3 + 2-3 per cent; after 36 hours, 
75-2 + 2-9 per cent; and after 48 hours, 82-5 + 
3-4 per cent. The values for 24 and 36 hours are 
the most reliable. 

In each of the experiments showing the effects of 
X-radiation on the cells treated with the synthetic 
vitamin K_ substitute, four sets of cultures were 
chosen. To two, the compound was added to give a 
final concentration of 3 10-* M; the other two 
were used as controls for the compound only and for 
the radiation only. One group treated with synthetic 
vitamin K substitute and one control group were 
irradiated after 18 hours with 244 r. of X-radiation 
of effective wave-length approximately 0-20 A. 
(H.V.L. 0-5 mm. copper) delivered in 2 minutes. 
Mitotic counts were made for all four groups at 24, 
36 and 48 hours. The results are summarized in 
Fig. 1, and indicate significant potentiation of the 
mitotic-inhibiting effects of X-radiation and of the 
synthetic vitamin K substitute. For example, after 
24 hours, X-radiation alone produced 64-9 + 1-6 per 
cent of the number of mitoses present in the controls, 
and synthetic vitamin K substitute alone 69-3 + 
2-3 per cent. The observed effects of the combination 
produced 14-0 + 3-8 per cent, while independent 
action would give 45-0 + 1-9 per cent. A similar 
highly significant tlifference was found at 36 hours ; 
and even at 48 hours, where the experiment is 
becoming difficult, a significant effect was found. 

With regard to the preliminary clinical trials, the 
qualitative findings so far are not inconsistent with 
the above measurements. The low toxicity of the 
synthetic vitamin K substitute has been confirmed. 
In twenty-five patients with advanced cancer, no 
attributable toxic effects were observed with doses 
of 100 mgm. administered intramuscularly daily for 
times up to six weeks. One man received 500 mgm. 
intramuscularly daily for 42 days without any 
demonstrable toxic effect. X-ray therapy was com- 
menced at least three days after the synthetic 
vitamin K substitute. 

The histological changes found in biopsy specimens 
are exemplified in Fig. 2, which shows typical fields, 
for a case of advanced squamous cell carcinoma of 
the floor of the mouth: (a) in the control biopsy 
specimen ; (6) in that taken after administration of 
100 mgm. of synthetic vitamin K substitute daily 
for 16 days; and (c) that taken at 4 days after the 
end of a course of X-ray therapy in which the 
minimum tumour dose 3,500 r. was delivered in 
overall time 8 days, by which time the synthetic 
vitamin K substitute had been given for 44 days. 
In the control specimen (a) 5,000 cells were counted, 
and the frequency of mitosis was 3-98 + 0-28 per 
cent. In (6), after synthetic vitamin K substitute 
alone, the frequency of mitosis was found by counting 
10,000 cells to be 1-12 + 0-11 per cent, indicating a 
highly significant reduction. Further, the ratio of 
prophases to metaphases was significantly reduced. 
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After the irradiation, counts were impossible because 
all the tumour cells were grossly degenerate. At the 
doses used, the synthetic vitamin K substitute alone 
produced many mitotic abnormalities, including 
clumping and stickiness of chromosomes and anaphase 
bridges. 

Summarizing: a synthetic vitamin K substitute, 
tetrasodium 2 - methyl - 1 : 4 naphthohydroquinone 
diphosphate, produces mitotic inhibition in chick 
fibroblast cultures and in some’human carcinomata. 
In the tissue cultures, significant potentiation of the 
effects of X-radiation and of the synthetic vitamin K 
3ubstitute in inhibiting mitosis is found under suit- 
able conditions. Preliminary clinical trials confirm 
the low toxicity of the synthetic vitamin K sub- 
stitute. At the present stage of investigation, no 
therapeutic value is claimed. 

+ Mitchell, J. 8., Brit. J. Exp. Path., 28, 285, 296, 309 (1942); 
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PLASTIC OPTICAL SYSTEMS FOR 
TELEVISION 


N the type of television receiver most commonly 
used at the present time, the picture is produced 
on the fluorescent screen of the cathode ray tube, 
which is viewed directly or through a suitably placed 
plane mirror. The 9- or 12-in. cathode ray tubes 
normally used give pictures of about 8 in. by 6 in. 
in dimensions, while a somewhat larger picture is 
obtained with a 15-in. tube. This, however, probably 
represents the: practical limit of picture size in this 
type of domestic receiver, since larger cathode ray 
tubes are unwieldy and expensive items. At the 
same time, it is desirable that the television receiver 
of the future should produce a picture of about 
twice the above size in linear dimensions, and prefer- 
ably on a flat screen. With this object in view, 
developments had begun several years ago of a 
reproducing system using a small cathode ray tube 
with a fluorescent screen only two or three inches in 
diameter, on which a bright clear image is produced, 
the light from this image being then projected 
through a suitable optical system to give an enlarged 
picture on a flat screen. While considerable progress 
has been made in cathode ray tube design, the picture 
brightness obtainable on the tube is insufficient to 
give satisfactory results when using an optical 
system of the conventional type. For this reason the 
Schmidt optical system, which was originally designed 
for use in astronomical telescopes, has been applied 
to the projection of television pictures. The great 
advantage of this system is that it has a large light- 
gathering property, and so enables the utmost use to 
be made of the picture-brightness on the cathode 
ray tube. 
As mounted for use in a television receiver, a deep 
concave mirror of large aperture is placed opposite 
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the end of the cathode ray tube and projects the 
light forward past the, tube towards the viewing 
screen. In order to correct for the spherical aber- 
ration introduced by a mirror of such large aperture, 
a corrector plate is introduced into the projection 
system. This plate has a non-spherical surface of 
complex shape and, in the Schmidt system, is 
mounted at the centre of curvature of the mirror. 
To produce such an optical system in glass is, how- 
ever, a slow and expensive matter, since the aspherical 
surfaces of the corrector plate require long and 
patient hand-work by a highly skilled craftsman. 
Although many attempts have been made to produce 
such plates by means of machines designed to work 
the surfaces automatically, this has so far not been 
considered to be an economic proposition for the 
mass-production of domestic television receivers. 
These limitations have now been largely removed by 
recent developments in the formation and use of 
transparent plastic materials, and particularly by 
the introduction of a surface-finishing process by 
means of which plastic components of high optical 
quality can be produced on a large manufacturing 
scale. 

A description of these developments with demon- 
strations of their application to television reception 
was given in a lecture on May 29 before the Television 
Society by Dr. D. Starkie, of the Plastics Division 
of Imperial Chemical Industries, Ltd. Two plastic 
materials are available in bulk supply in Great 
Britain. They are poly-methyl-methacrylate and 
poly-styrene, and are supplied in optically pure forms 
as “Transpex |’ and “Transpex 2’ respectively, with 
transmission values for visible light corresponding 
approximately to those of crown and flint glass. 
These materials are sensibly unaffected by con- 
tinuous exposure to sunlight, and, although they 
have a softening temperature of about 120° C., by 
taking great care to avoid any strain in the material 
during fabrication, finished components show no 
measurable change in form when used under the 
most severe operating conditions. The production 
of the components takes place in two stages. First, 
a ‘preform’ is cast as accurately as possible by some 
known method. Then a thin skin of the same 
material is built up on the surface of this preform 
inside an optically worked glass mould, until the 
surface of the component makes optical contact at 
all points with the mould. A transparent mould 
material is necessary since part of the reproduction 
process is polymerization by light ; but, in addition, 
glass is the hardest material available in bulk supply 
and all risk of scratching during use must be avoided. 
The aspheric moulds are first machined as accurately 
as possible and then finished by a skilled optical 
worker by hand. The preparation of such moulds is 
still a long and expensive matter; and it is only 
justified by the fact that, once a mould is made, a 
considerable number of accurate plastic reproductions 
can be made from it. The time required to make an 
optical component by the surface-finishing process is 
quite long, although the actual handling time by the 
operators is short. It has been decided, therefore, 
that in order to keep production costs low enough to 
allow the optical systems to be used in domestic 
television receivers, a large number of moulds 
should be used and these should travel through the 
various stages of the process on a mechanical con- 
veyor. A factory to be operated along these lines is 
being prepared, and it is hoped to start manufacture 
at the end of this year. 
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Dr. Starkie demonstrated two prototype Schm 
television projection systems for home receivers 
using cathode ray tubes of 2} or 3} in. diamet 


t 


respectively. The picture size given by both syste:is 


is 16 in. 13 in., the chromatic aberration is sm ||, 
and the resolution is claimed to be far better th in 
is required for the present B.B.C. television tra 
missions using 405-line scanning. Although 
smaller of the two systems requires a ‘throw distar 

of 40 in. between the cathode ray tube and 
viewing screen, it was shown how this could 
veniently be incorporated in a receiver console of 
normal dimensions. A third Schmidt system suita|)\e 
for television projection in small cinemas was ; 
demonstrated: this contained a mirror of 18 .n, 
diameter and gave a picture with a length of diagonal 
of 12} ft. 

Although the lecture was primarily devoted to t/e 
use of plastic optical components in_ television 
reception, it was pointed out that since the new 
surface-finishing process allows complicated aspheri« al! 
optical components to be made at a reasonable «: 
it is likely to have an important effect in the general 
field of applied optics. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 
OPENING OF SKETTY HALL LABORATORIES 


KETTY HALL, Swansea, was opened on July 3 

as the South Wales Laboratories of the British 
Irdn and Steel Research Association. Mr. G. H. 
Latham, president of the British Iron and Steel 
Research Association, received a gold key from the 
Mayor of Swansea, and guests proceeded to an inspec- 
tion of the Laboratories. 

At present the bulk of the Association’s work is of 
necessity carried out through the facilities of its 
members and at the universities and other appropriate 
institutions. Nevertheless, considerable progress has 
been made in establishing a number of laboratories 
specially adapted for co-operative research. For 
example, at the ‘University of Sheffield a team is 
studying problems connected with rolling practice, 
and plans are well advanced for the establishment of a 
metal flow station in Sheffield for practical investiga- 
tions into all forms of metal working and plastic de- 
formation problems ; in London, a physics laboratory 
is shortly to be opened ; there is a corrosion-testing 
laboratory at Birmingham, and marine biological 
work is carried out at Millport, Scotland. 

At Sketty Hall, a mansion with an interesting local 
history extending over a century and a half, made 
available to the Association by the Swansea Corpora- 
tion, comprehensive facilities have been provided. 

The chemistry section has a spacious laboratory, 
and the metallurgical section has two laboratories, 
all on the ground-floor. The metallurgical rooms are 
respectively equipped with, various heat-treatment 
furnaces and physical testing apparatus. On the 
same floor is the small workshop with the instrument 
mechanic’s room adjacent, and the galvanizing and 
tinning shop, which will be sited in what seems to have 
formerly been a brew house. This shop is already 
furnished with ventilation for drawing off the brewery 
fumes, though the arrangements may have to be 
improved to dispose of the rather less appetizing by- 
products of the shop’s new functions. 
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The first floor provides two laboratories for the 
physics section, and two for the electro-chemical 
section, in which there is equipment for plating. The 
physic s section, being engaged on investigating the 
geometrical and physical characteristics of metal 
surfaces, is equipped with a sensitive profilometer of 
the latest pattern, and will have electron diffraction 
equipment later in the year. The profilometer is a 
Talysurf machine, on which a stylus traverses the 
specimen and records the roughness of the surface 
on a graph, with an adjustable magnification of 
400-100,000 times. It also provides a rapid ‘average’ 
reading for the surface of the spécimen. 

It was found necessary to instal this equipment on a 
thoroughly stable base, and one of the physics 
laboratories has had to be provided with a ferro- 
concrete floor, on which the Talysurf and the electron 
liffraction apparatus are to be housed. 

The second floor has comprehensive metallo- 
graphic facilities, with separate preparation laboratory 
and photographic room. 

There are many problems which can be attempted 
within the scope of these facilities. Besides studies of 
metal surfaces, there are studies of the thickness and 
listribution of coatings of various sorts, and of the 
porosity of coatings. The Swansea team has already 
jone considerable work on these subjects, which 
promises to be of ultimate benefit both to users and 
makers of the products concerned. Other problems 
which it will be the function of Sketty Hall to investi- 
gate include such questions as the influence of the 
composition of the steel and its method of manu- 
facture on surface coatings; the physical and 
chemical characteristics of metal surfaces; the 
adhesion of coatings ; electroplating ; de-wetting and 
many others. 

Other work carried out at Sketty Hall involves 
field tests on melting furnaces and works in the South 
Wales area, concerned with such matters as fuel 
distribution and gas flow in gas producers (in con- 
junction with the British Coal Utilization Research 
Association); the effect of deterioration of ingot 
mould surfaces on the surface of the ingot and 
subsequent products; the determination of the 
moisture content of hot raw producer gas, and the 
assessment of the value of instrumentation of open- 
hearth furnaces. For these purposes a quick immer- 
sion thermocouple is being used, and apparatus has 
been developed for rapid determination of the 
moisture in producer gases. These, together with other 
equipment, are being mounted in a mobile laboratory. 

The organisation of the Swansea laboratories is 
the task of the Coatings Committee of the Mechanical 
Working Division of the Association, one of the six 
divisions under which the Association’s work is 
organised. This Committee was formed about four- 
teen months ago, and the first meeting was held on 
May 15, 1946, under the chairmanship of Capt. H. 
Leighton-Davies, who remains the chairman to-day. 
The terms of reference of this Committee, for which 
the greater portion of the work of Sketty Hall is to 
be carried out, are: ‘““To consider and investigate 
all matters concerning metallic and other inorganic 
coatings on steel and all processes for surface prepara- 
tion associated therewith’’. This is, of course, a very 
wide field, involving close collaboration between 
research workers in allied fields (such as the co-opera- 
tion that exists between the British Non-Ferrous 
Metals Research Association and the British fron 
and Steel Research Association) and between research 
workers and users. 
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The formation of the Coatings Committee was not 
by any means the origin of co-operative research in 
South Wales, which was started in 1932 by the South 
Wales Siemens Steel Association and the Welsh 
Sheet and Plate Manufacturers’ Associations. A 
team of investigators then worked at University 
College, Swansea, under Mr. D. Luther Phillips. 

Early in 1946 arrangements were made for the 
British Iron and Steel Research Association to take 
over the work of the two research Committees, and it 
is the new function of Sketty Hall to house the 
continuation and expansion of their investigations. 
Mr. Luther Phillips is now in sole charge of the 
laboratories, and the closeness of Sketty Hall to 
University College, Swansea, ensures continuity. 

A lunch at Swansea Civic Centre followed the 
opening ceremony. Besides Mr. G. H. Latham and the 
Mayor of Swansea, Mr. Percy Morris, M.P., Sir 
Lewis Jones (vice-president of University College, 
Swansea), Capt. H. Leighton-Davies and Sir Charles 
Goodeve (director of the Association) spoke. 

Mr. Latham emphasized the part co-operative 
research has to play in ensuring that we have the 
steel output as necessary to Great Britain’s economic 
recovery as the output of coal. Throughout all the 
speeches there was much emphasis on the healthy 
degree of co-operation which exists between the 
Research Association, the University College, the 
municipality and local industry. In inviting indus- 
trialists to make the freest possible use of Sketty 
Hall’s facilities, Sir Charles Goodeve stressed the 
fact that science alone is not a panacea for our ills, 
but must be allied to strong and continuous effort. 
Tribute was paid to the very considerable amount of 
work that had gone into the conversion of Sketty 
Hall. Its rapid progress must be laid to the credit of 
Mr. Luther Phillips and his staff, and to the efforts of 
the contractors. 





FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, July 2! 


ANGLO-AUSTRIAN Society (at Gas Industries House, 1 Grosvenor 
Place, London, 8.W.1), at 8 p.m.—Prof. H. Mark (Institute of Polymer 
Research, Brooklyn): ‘Austrian Science, Past and Future’’. 


Saturday, July 26 


AMATEUR ENTOMOLOGISTS’ Society (at Buckingham Gate Central 
School, Wilfred Street, London, 8.W.1), at 2 p.m.—Annua!l Exhibition.* 





APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments op or 
before the dates mentioned : 

LECTURER IN PHysics (honours graduate, to teach physics to B.Sc. 
standard) at the Municipal Technica! College and School of Art— 
The Director of Education, Education Office, Library Street, Black- 
burn (July 26). 

JUNIOR TECHNICIAN for physiological research—The Secretary, The 
University, Aberdeen (July 26) 

LECTURER IN ZOOLOGY AND CHEMISTRY—The Registrar, Merchant 
Venturers’ Technical College, Bristol (July 26). 

LECTURER IN MECHANICAL ENGINEERING—The canaion, Dudley 
and Staffordshire Technical College, Dudley (July 26). 

LECTURER IN APPLIED MECHANICS at the Royal Naval College, 
Greenwich—The Director, Education Department, Admiralty, London, 
8.W.1 (July 26). 

CHIEF LECTURER IN MECHANICAL ENGINEERING—The Registrar, 
Leicester College of Technology and Commeree, Leicester (July 26). 

LECTURER IN GEOGRAPHY at the Liverpool College of Commerce— 
The Director of Education, 14 Sir Thomas Street, Liverpool 1 (July 26). 

LECTURER IN CHEMISTRY AND MATHEMATICS at the Oxford School 
of Technology—The Chief Education Officer, City Education Office, 
77 George Street, Oxford (July 26). 

Works CHEMIST—The Secretary, Rochester, Chatham and Gilling- 
ham Gas Company, 95 High Street, Rochester (July 29). 
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EXPERIMENTAL OFFICER (male) for work in dairy husbandry and 
farm management—The Secretary, Hannah Dairy Research Institute, 
Kirkhill, Ayr (July 31). 

PRINCIPAL RESEARCH OFFICER, RESEARCH OFFICERS (8), SENIOR 
TECHNICAL OFFICERS (2), and a TECHNICAL OFFICER, for work con- 
cerned with a study of jet propulsion and subsonic, transonic and 
supersonic flight for military and civil use, at the Long-range Weapons 
Establishment at Salisbury, near Adelaide—The rye! igh Com- 
missioner, Australia House, Strand, Londgn, W.C.2 (July 31). 

LECTURER and an ASSISTANT IN MATHEMATICS—The Secretary, 
The University, Aberdeen (August 5). 

READER IN SURVEYING at King’s College, Newcastle-u 
The Registrar, The University, 46 North Bailey, Dur 
ust 5) 

PERMANENT LECTURER to take charge of teaching of ScrENCE in 
senior school courses, a TEACHER™F SCIENCE at the secondary tech- 
nical school (Merton Road branch), and LECTURERS (2)IN MATHEMATICS 
in senior full-time and rt-time courses—The Principal, Brixton 
School of Building, Fe le Road, London, 8.W.4 (August 9). 

RESEARCH OFFICER, Heat Section, Division of Physics, Sydney— 
The Secretary, Australian Scientific Research Liaison Office, Australia 
House, Strand, London, W.C.2, quoting No. 1170 (August 11). 

LECTURER IN PsycHoLoGy—The Registrar, The University, Man- 
chester 13 (August 11). 

UNIVERSITY LECTURER IN THEORETICAL CHEMISTRY, 
UNIVERSITY DEMONSTRATOR IN ORGANIC CHEMISTRY—Dr. F. , 
Kipping, Secretary of the Appoihtments Committee, Faculty of 
Physics and Chemistry, Chemical Laboratory, Pembroke Street, 
Cambridge (August 15). 

JUNIOR ASSISTANT PHYSICIST to the Radiotherapy De 
The Clerk to the Governors, St homas’s Hospital, Westminster 
Bridge, London, 8.E.1 (August 15). 

LECTURER (Grade Ila), and ASSISTANT LECTURERS (2, Grade III), 
IN THE DEPARTMENT OF BIOCHEMISTRY—The Secretary, University 
College London, Gower Street, London, W.C.1 (August 15). 

SENIOR LECTURER IN GROLOGY—The Registrar, University College, 
Singleton Park, Swansea (August 16). 

CHAIR OF COLOUR CHEMISTRY AND DyEIne—The Registrar, The 
University, Leeds 2 (August 18). 

BIOLOGICAL RESBARCH ASSISTANT—The Superintendent 
Secretary, Jessop Hospital for Women, Sheffield 3 (August 23). 

READERSHIP IN PaTHOLOGY at St. Thomas's Hospital Medical 
School—The Academic Registrar, University of London, Senate House, 
London, W.C.1 (August 28). 

ASSISTANT KEEPERSHIPS IN (2) GRoLoey, (6) Botany, (c) ART— 
The Director, Museum and Art Gallery, New Walk, Leicester (August 
30) 

PROFESSOR OF ELECTRICAL ENGINEERING (general), a PROFESSOR 
or ELECTRICAL ENGINEERING (electrical power generation, trans- 
mission and utilization), a PROFESSOR OF MECHANICAL ENGINEERING 
and a PROFESSOR OF CIVIL AND HYDRAULIC ENGINEERING, in the 
Indian Institute of Science, Bangalore—The High Commission«r for 
India, General Department, India House, Aldwych, London, W.C.2 
(August 31). 

JUston Posts IN THE DEPARTMENT OF STATISTICS or one of the 
Biological Departments, for teaching and research in the use of 
statistical and other mathematica! procedures in the Biological Sciences 
—The Secretary, University College London, Gower Street, London, 
W.C.1 (August 31). 

PROFESSOR OF CIVIL ENGINEERING CONSTRUCTIONS AND FOUNDA- 
TIONS, a PROFESSOR OF STEEL BRIDGES AND METALLIC STRUCTURES, 
a PROFESSOR OF ARCHITECTURAL CONSTRUCTION, a PROFESSOR OF 
STRENGTH OF MATERIAL, a PROFESSOR OF DESIGN OF ELECTRICAL 
MACHINERY, and a PROFESSOR OF EXECUTION DESIGN, in the Faculty 
of Engineering, Farouk I University, Alexandria—The Director, 
Egyptian Education Bureau, 4 Chesterfield Gardens, London, W.1 
(August 31). 

LECTURER IN THE DEPARTMENT OF PHYSIOLOGY—The Secretary, 
Bedford Coilege for Women, Regent’s Park, London, N.W.1 (Septem- 
ber 1). 

LECTURESHIP IN 
Institute of Archwology, 
London, N.W.1 (September 1). 

CHAIR OF PHYSIOLOGY at St. Thomas’s Hospital Medical School— 
The Academic Registrar, University of London, Senate House, London, 
W.C.1 (September 2). 

PROFESSOR OF SOCIAL AND PREVENTIVE MEDICINE, and a LECTURER 
= PSYCHOLOGY—The Secretary, Queen’s University, Belfast (Septem- 

or 6). 

RECTOR OF THE CANTERBURY UNIVERSITY COLLEGE, Christchurch, 
New Zealand—The Secretary, Universities Bureau of the British 
Empire, 8 Park Street, London, W.1 (September 15). 

LECTURER LN INORGANIC AND PHYSICAL CHEMISTRY, and a LECTURER 
IN APPLIED CHEMISTRY—The Secretary, The University, Edinburgh 
(September 15). 

PRINCIPAL, SOUTH AFRICAN NATIVE COLLEGE, Fort Hare, C.P., 
South Africa—The Principal of the College, or The Secretary, Univer- 
sities Bureau of the British Empire, 24 Gordon Square, London, W.C.1 
(South Africa, September 30). 

SENIOR ASSISTANT—The Secretary, Appointments Committee, The 
Observatory, Armagh, Northern Ireland. (October 1). 

CHEMISTS (2), a CHEMICAL ENGINEER, BOTANISTS (2), a PLANT 
PATHOLOGIST, an ADVISORY OFFICER (pathologist), and an ADVISORY 
Orricer (Soils Chemist), in the Rubber Research Institute of Malaya 
—The Secretary, London Advisory Committee for Rubber Research 
(Copien and Malaya), Imperial Institute, South Kensington, London, 


-Tyne— 
m (Aug- 


and a 
F. B 


rtment— 


and 


PALESTINIAN ARCHEZEOLOGY—The Director, 
University of London, Regent’s Park, 


PLANT PHYSIOLOGIST IN THE BOTANY DEPARTMENT—The Secretary, 
Edinburgh and East of Scotland College of Agriculture, 13 George 
Square, Edinburgh 8. 

ECTURER IN ELECTRICAL ENGINEERING—The Secretary, North- 
ampton Polytechnic, St. John Street, London, E.C.1. 

ASSISTANT LECTURER AND DEMONSTRATOR IN THE PHYSIOLOGY 
DEPARTMENT—Tihe Secretary, King’s — of Household and Social 
Science, Campden Hill Road, London, W.8. 
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RESEARCH ASSISTANT IN THE DEPARTMENT OF CHEMICAL PATHOLOGY 

—The Chemica! Pathologist, Westminster Hospital Medical School, 
17 Horseferry Road, London, 8.W.1. 
LECTURER to take CIVIL AND MECHANICAL ENGINEERING Su Buk TS, 
with special reference to the Theory and Structures, a’ the 
Ca: =| Technical College—The Director of Education, City "Hall, 
Ca 


LECTURER IN CHEMISTRY (with particular reference to physical 
ane Principal, Medway Technica! College, Gillingham, 

ent 

LABORATORY ASSISTANT IN THE DEPARTMENT OF BIOCHEMIST2y— 
The Establishment Officer, University College London, Gower 8! reet, 
London, W.C.1. 

LABORATORY TECHNICIAN IN THE La me ay o ZOOLOGY he 
Secretary, University Science Laboratories 

LECTURER IN MATHEMATICS—The Clerk a the Govetaiog I 
Battersea Polytechnic, Battersea, London, 8.W.1 

DEMONSTRATORS (2) IN PHARMACY—The hecistrar, Uni 
College, Nottingham. 

ASSISTANT LECTURER IN as 2 AND SCIENTIFIC METHO 

 Hconomics and Political 5 


Secretary, London School 
Houghton Street, London, W <. 

EDUCATIONAL borentnbeme ithe Chief Education Officer 
Hall, Cambridge. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Empire Cotton Growing Corporation. A Review of the Work of 
the Experiment Stations, beasties 1942-43 to 1044-45. Pp. iv + 22 


: Central Radio Bureau, 301 

Proceedings of the Royal Society of Edinburgh ‘Rection B (Biology). 

Vol. 62, Part 3, No. 27: A Study on the Coccidia of Indian Birds, 
ural Chakravarty and Amiva Bhuson Kar. Pp. 225-2 

. No, 28: Genstical and Cytological Studies 

By Dr. Helen Slizynska and Dr. B. M. Slizynski. Pp. 234-242. 1s éd. 

Vol. 62, Part 3, No. 29: An Unexplained Discrepancy between the 

Actual and Unexpected Yield of Virus from Avian Tumours and its 

Implications. By J. G. Carr. Pp. 243-247. ls. 
Oliver and Boyd, 1947.) 


Committee for the Sessions 1944-1945, 1945-1946 ; 
Greece, 1939-1945, by T. J. Dunrabin. Pp. 36. 
School of Archaeology at Athens, 1946.) 


Other Countries 

Svenska Hydrografisk- Biologiska Kommissionens Skrifter. 

3: Hydrografi, af 1, Hafte 1: On Radiant Energy Measurements 
in the Sea. By N. Johnson and B. Kullenberg. Pp. 27 

landers Boxtrycker A/B., 1946.) 

Union of So Africa : Department of Mines. Annual Re 
the Goveument Mining Engineer for the Years 1941, 1942, 1943 and 
1944. Pp. iv + 124 + vi + 22 Tables. (Pretoria : Government 
Printer, 1946.) 20s. 

Bulletin of the American Museum of Natural History. . 
Article 5: Mammals of Costa Rica. By George G. Goodwin. Pp. 
271-474 + plate 17. (New York: American Museum of Natural 
History, 1946.) (231 

Third Report to the .“Ir-F of the United Nations by = 
Interim Commission on Food and Agriculture. = 
Report of the Technical Committee on Forestry and Prima ‘orest 
Products. Pp. 48. (Washington, D.C.: FAO of the United } mn 
1945.) 

Forestry and Primary Forest Products. Report of the Technical 
Committee on Forestry and Primary Forest Products — 
to the United Nations Commission on Food and Agriculture 
14, 1945. Pp. vi+ 39. (Washington, D.C.: FAO of 
Nations, oe 

os of the United States National Museum. 
3200 : Eight } New Species of Chalcid-Flies of the Genus 
Clausen, with a Key to the Species. By A. B. Gahan. 
(Washington, D.C. : 





Government Printing Office, 1946.) 


Catalogues - 


Murphy Insecticides and Fungicides: Spraying Programme fo 
Fruit and Market Garden Crops. Pp. 32. (Wheathampetead : Murphy 
Chemical Co., Ltd., 1947.) 

Scientific Books, many of them of Medical Interest. (Catalogs 04) 
Pp. 28. (London: Ifan Kyrie Fletcher, 12 Lansdowne Road, 20, 
1947.) 

Infra Red Gas Analyser. (Publication No. 15.) H+ 4. (Newcastle 
— -Tyne: Sir Howard Grubb, Parsons and Co., 1947.) 

Low Pressure Amplifier and sera Conv erter. (R. 
Pp. 8. (London: Negretti and — Ltd., 194 

Standardised Substances for S trography, Chemical Analysis 
and Research. (Publication = My + '26. (London : John- 
son, Matthey and Co., Ltd., 

Catalog of Auxiliary Publications in Microfilms and Photoprints. 
7 Re (Washington, D.C.: American Documentation Institute, 

4 


‘Antu’ containing Alpha-Naphthylthiourea Kills Rats. (Leafiet 
A.111/3/47.) Pp. 4. (Liverpool: Rodmill Chemical Co., Ltd., 1947.) 

Old Medicine. (Catalogue 9.) Pp. 56. (London: E. Weil, 9 Market 
Place, N.W.11, 1947.) 











